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Abstract 
This study investigates the shift from a monocentric private car-oriented city to a 
polycentric public transport-oriented city. In the past, metropolitan areas have suffered 
from traffic problems such as congestion. In many monocentric cities, congestion has 
steadily increased and is expected to further increase in the future. Congestion leads to 
problems such as air pollution, noise, longer trip distances, increased trip time, 
greenhouse emissions and increased stress and accident rates. Urban expansion, 
population growth and road network development have led to urban sprawl, and this 
structural shift towards urban sprawl has significantly increased traffic jams. 
Urban growth and sprawl is a result complex social, market and physical interaction.  It 
can however be influenced by government policies, such as those involving land use, 
urban boundary, industrial estate development, transport investment and others.  It is 
therefore important to examine further the key principles that underpin successful 
government policies towards curtailing the negative impacts of urban growth and 
sprawl.  In this thesis, the focus is on the negative impacts of increasing travel time and 
distance. 
The PhD project examines the interaction of land use and transport, specifically 
focusing on developing a better understanding of how the urban structure impacts on 
road congestion and travel costs. A land use and transport model has been developed 
using data from Riyadh and Melbourne. This model includes two parts: a spatial model 
and a transport model. The model was validated using data obtained from transport 
authorities in Melbourne and Riyadh.  
The spatial and transport models were then used to analyse various scenarios of 
demographics, socioeconomics, population and employment densities, housing systems 
and transport systems. Specifically, the model was used to model different scenarios. 
Four scenarios were set for the scale and distribution of activity and residential areas. 
Scenario 0 exhibits a monocentric structure (the existing structure) without any change 
in the current structure and network. Scenarios 1, 2 and 3 have polycentric structures 
with variations in the redistribution of employment and residences, as follows: Scenario 
1 has five new sub-centres with a redistribution of residences around the new sub-
centres, while employment remains concentrated in the CBD. Scenario 2 has five new 
sub-centres with a redistribution of employment around the new sub-centres while 
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residences remain as where they are at present. Scenario 3 has five new sub-centres with 
a redistribution of both population and employment around the new sub-centres. 
The modelling showed the best scenarios as determined on the basis of several 
indicators that create a significant comparison between different scenarios. Scenario 3 
(S3) was the most ideal scenario in terms of the lowest car trip rate, PKT by car rate, 
PKT by PT rate, lowest PHT by car rate, lowest PHT by PT rate and high accessibility.  
The results indicated that planned and concentrated employment and population levels 
in key activity centres can deliver significant benefits by reducing travel cost and time. 
The findings indicated that the coordinated redistribution of housing and activity would 
achieve the best possible transport outcome, in terms of the number of car trips, car 
sharing, and car travel distance. It can also reduce travel consumption in general, 
including travel on public transport. The study also demonstrated the benefits in 
increased walking trips. Moreover, the polycentric approach would also improve 
accessibility to work for primary, tertiary and retail purposes by car, public transport 
and on foot. 
The study recommended an ideal urban form to reduce traffic congestion and trip length 
and improve accessibility levels. For both Melbourne and Riyadh the findings indicated 
that the best result in terms of travel efficiency, environment and accessibility can be 
achieved when urban growth is directed towards Scenario 3. To achieve Scenario 3, 
urban policy needs to be broadened to include activities relocated within a polycentric 
structure, as well as residential relocation balanced with activity locations and 
households in activity centres.  
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Chapter 1: Introduction 
 
1.1 Background 
A monocentric city suffers from congestion and related problems due to the 
decentralisation of its population, which causes a mismatch between the location of 
workplaces and residential areas. This decentralisation leads to increased travel to and 
from the central business district (CBD) by private car, resulting in traffic congestion. A 
polycentric city is an optimal alternative to minimise travel to the CBD. In addition to 
the CBD, strong suburban activity centres (ACs) serviced by a good public transport 
(PT) system reduce congestion by dispersing activities and by providing alternative 
transport modes to private cars. Urban expansion and population growth in the suburbs 
are dynamic processes that cause congestion. This process of change in urban structure 
needs to be understood to analyse how traffic congestion can be minimised. In order to 
better understand the benefits of a polycentric urban structure with a good PT system 
compared to a monocentric, private car-oriented city, it is necessary to model and 
understand the underlying processes as well as the incremental benefits at each step of 
this change. 
1.2 Research Objectives 
The specific objectives of this study are: 
1. To identify an optimal urban structure. Rapid urban growth increases urban 
sprawl, which causes traffic problems such as congestion.  
 Two urban forms will be examined in this study: monocentric 
and polycentric, to discover the optimal structure to maintain trip 
distances and time on the transport network. 
2. To quantify the potential benefits of shifting towards efficient urban forms. 
3. To contribute to a better understanding of the urban policy structures of Riyadh 
and Melbourne. 
1.3 Research Questions 
In meeting the above objectives the study will address the following key questions:  
1. Does urban sprawl increase the demand for private transport and make PT less 
economically viable? 
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2. How can we model the shift from monocentric structures to polycentric 
structures? 
3. What urban form offers optimal transport outcomes? 
4. Does polycentricity reduce traffic congestion and the cost of travel? 
5. What is the impact of urban form on accessibility across a city? 
1.4 Problem Statement 
Economic growth and advancements in transport technologies since the end of World 
War II have resulted in rapid urbanisation. This has promoted a shift from compact 
monocentric cities to urban sprawl, which has not only caused traffic congestion but 
also resulted in air and noise pollution, longer trip distances, increased trip times, 
greenhouse gas emissions, increased stress and traffic accidents (Weisbrod, Vary & 
Treyz 2003) and reduced quality of life (Al-Mosaind 1988). 
An extensive literature review has been conducted to identify the relationship between 
urban sprawl and traffic congestion. Riguelle, Thomas and Verhetsel (2007) state that 
urban development and population growth lead to the decentralisation of the population, 
resulting in the migration of the population from the monocentric city centre (high 
density) to the suburbs. This shift leads to urban sprawl (low density). The main cause 
of congestion is the decentralisation of the population; this decentralisation is promoted 
by a scarcity of land, resulting in higher land values in the CBD. This results in urban 
sprawl and consequently increases traffic congestion and pollution due to traffic moving 
to and from the CBD. Hall (1993) and Glaeser and Khan (2001) consider that the 
increase in land prices contributes to residential decentralisation, leading to spatial 
fragmentation and commuting problems, since although the population decentralises, 
employment remains centralised. Burke, Dodson and Gleeson (2010) consider that 
urban commuting has a clear spatial character and reflects the patterns of travel from 
homes to workplaces, the location of congestion effects being due primarily to 
commuter traffic and the travel flows on the PT network in peak hour. Horner (2004) 
also found a strong relationship between commuting and congestion represented in 
travel to work. He also mentions that the length of a person’s commute is influenced by 
the spatial separation of their home and workplace and the prevailing urban structure. 
Decentralisation of the population also leads to increased car travel, which causes traffic 
congestion due to movement from the CBD to the suburbs and vice versa (Al-Dubikhi 
2007) (Refer to Figure 1.1). 
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Many researchers have suggested that monocentric urban structures fail to optimise the 
utilisation of the existing transport network. CBD workers arrive at similar times each 
day, generating an inward commuting flow from the outer suburbs during morning peak 
hours and an outward commuting flow during evening peak (Anas, Arnott & Small 
1998; McMillen & McDonald 1998). Decentralisation of employment can be made 
possible by re-organisation of the suburban structure by shifting from a single core city 
centre to multiple-suburban activity centres (ACs) (e.g., employment, shopping and 
recreation) located on the periphery of the city. These suburban ACs become strong 
alternatives to the CBD, potentially combining the advantages of sprawl locations (low 
density, lower land prices and less traffic congestion) with the advantages of sub-centre 
locations (economy, urbanisation, personal interaction) that are connected by a good 
transport system (Anas, Arnott & Small 1998; McMillen & McDonald 1998). 
While the benefits of polycentric urban structures over monocentric urban structures 
have been well examined in qualitative studies and widely reported in the literature, 
investigation of the shift from monocentric to polycentric urban structures and 
quantification of the effects of this shift on traffic congestion were identified as gaps in 
the existing literature on this topic. This study therefore endeavours to discover how this 
shift reduces congestion. There are several reasons which led the researcher to examine 
and model the shift from monocentric to polycentric cities. First, over the last decade, 
many researchers and planners have found that the movement of the population to the 
suburbs and the resulting dependence on private cars and the expansion of transport 
networks has created long commutes and has helped to shape polycentric cities. Second, 
the high cost of land in the CBD and the movement of populations to suburbs with 
lower land prices has resulted in decentralisation, as employment and shopping districts 
move further into the suburbs. Third, an increase in sub-centres, along with a good 
public transport (PT) network, leads to lower dependence on private vehicles. Even if a 
PT network is absent, a polycentric structure still reduces trip lengths and commuting 
times. Polycentricity is an optimal structure for reducing congestion, and a good PT 
system allows improved accessibility to sub-centres. The problems of urban 
decentralisation call for research that can provide evidence of the ability of polycentric 
cities to better manage and utilise urban sprawl. This evidence will then allow 
polycentric structures to be employed as a method to reduce urban fragmentation, which 
will subsequently reduce traffic congestion. 
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Figure 1.1: The monocentric versus the polycentric structure 
 
1.5 Contribution of this thesis 
The present thesis is primarily concerned with Land use transport interaction (LUTI) to 
establish the relationship between urban form and transport. 
The main accomplishments documented in this thesis are: 
1. Clarifying urban form in detail with respect to the concentration of activity and 
residential zones and their impact on transport outcomes. This accomplished by 
modelling scenarios for Melbourne and Riyadh (chapter 7). 
2. Providing policy advice grounded in empirical evidence for potential future 
urban form development in Riyadh and Melbourne. This achieved by previous 
studies (chapter 2). 
3. Development of land use/transport demand-based land use scenarios. This 
accomplished by modelling different scenrios (chapter 6). 
4. Quantification of transport outcomes/benefits as a result of urban form 
restructuring. This accomplished by modelling the shift from monocentric to 
polycentric structure (chapter 6 and 7). 
5. Development of a specific method to test the influence of a polycentric structure 
on two different cities. This accomplished by modelling four different scenarios 
based on redistributing population and activities (chapter 6).  
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6. Proposed population and employment densities as proxies for modelling the 
future urban structures of Riyadh and Melbourne. This achieved by modelling 
the shift from monocentric to polycentric by using the population and 
employment densities as proxy. 
7. Development of an accessibility metric to predict future accessibility. This 
ashived by modelling the accessibility based on the restructure of land use 
(chapter 8).  
 
1.6 Why choose Riyadh and Melbourne as case studies? 
Riyadh and Melbourne are similar in certain important factors, including the following: 
 Both are undergoing an active policy debate on urban restructuring 
 Population size 
 Urban form 
 High rates of car ownership 
 High rates of trips in private cars 
1.7 Outline of the thesis  
This thesis consists of eight chapters. In addition to the introduction and synthesis 
chapters, this study includes five core chapters that address the research aims and 
objectives. These five chapters have been published or submitted as peer-reviewed 
papers in journals and at international conferences. The flow chart (Figure 1.2) shows 
the coherence of the thesis chapters. The following is a summary of each chapter: 
Chapter 1 provides a general introduction to the study. Moreover , this  chapter lights 
on the problem statement of this research, then the research objectives and questions, 
the reasons for choosing Riyadh and Melbourne as case studies , and the outline of the 
research. 
Chapter 2 describes previous studies of different urban structures and the relationship 
between the land use, socioeconomic factors and transport and their influence on trip 
distance and time.  
Chapter 3 presents the interaction between land use and transport. Urban growth is 
influenced by different urban systems such as land use, transport, infrastructure, and 
housing systems. In this section, the interaction of land use and transport is examined by 
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modal split and commuting distance across four categories (high/low density and 
high/low socioeconomic index) for the journey to work. 
Chapter 4 introduces the land use and socioeconomic factors that affect car 
ownership. It analyses and explores the relationship between car ownership and 
socioeconomic factors and land use using statistical analysis. 
Chapter 5 develops a model to analyse the influences of socioeconomic and land use 
factors on mode choice. Multinomial and nested logic models are used to explore the 
relationship between mode choice and socioeconomic and land use factors.    
Chapter 6 examines the interaction of land use and travel. This model develops a 
calibration and validation framework for a dynamic land use and transport interaction 
model, which is then illustrated and tested using four-step modelling. 
Chapter 7 develops a new approach to the exploration of the shift from monocentric 
structure to polycentric structure and the shift from a private mode- to a public mode- 
oriented city. This chapter displays the outcomes of models such as mode choice, mode 
share, trip distance, trip time and accessibility. 
Chapter 8 provides a synthesis of the outcomes and the conclusions of Chapters 3-7. 
It also outlines possible future research directions.   
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Figure 1.2:  Flow chart of the outline of the research 
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Chapter 2: Overview of Urban Structure and 
Transport  
2.1 Introduction 
This study seeks to contribute to the understanding of the dynamics of the urban 
structure-transport interaction. Urban growth causes urban sprawl, which increases the 
demand for travel and in turn causes traffic congestion and more time spent on travel.  
At the same time, transportation plays a vital role in urban development and growth. 
Transportation systems facilitate mobility from place to place and provide accessibility 
to the land (Meyer and Miller, 2001).  
 
The urban transport system is a complex system that is affected by different 
transportation, social, geographical, economic and environmental factors (Wang et al., 
2008). Urban growth is related to these factors affecting urban transport demand and 
rapid urban growth increases urban traffic congestion (Cervero, 2003). 
There is a strong relationship between urban growth in a city and the transport system of 
the city. This relationship involves complex nonlinear interactions between several 
physical and socioeconomic components and commuters. The physical components of 
these interactions are related to spatial expansion, land use change and transport 
infrastructure expansion. The socioeconomic components are related to population 
growth, economic growth and travel demand. 
 
Government policy is also an important factor that can influence urban growth and the 
development of the transport system (Chang, 2006).  
The first section of this chapter presents different urban structures and its effects on 
travel (see Figure 2.1).  The second section examines the urban growth of Riyadh and 
Melbourne. The third section presents a statistical comparison of Riyadh and 
Melbourne.  Finally, the fourth section of this chapter is a discussion of the findings and 
it outlines the main contributions of the study. 
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Figure 2.1:  Chapter overview 
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2.2 Urban Structure 
Urban sprawl is typically defined as the low density expansion of a city, and typically 
involves the outward expansion of residences (or suburbia) with a concentration of jobs 
and activities in a central CBD. Urban sprawl is thus generally characterised as a 
monocentric city structure. To quantify the monocentricity of a city or the extent of a 
city’s urban sprawl, a number of researchers have taken various approaches.  
For example, Garcia-Palomares (2010) examined the impact of urban sprawl on travel 
demand based on the following proxies for urban sprawl: 
 Distance to the central city and population growth 
 Population density and employment density 
 Job/worker quotient and difference between jobs and workers. 
Cervero (2002) examined the interaction between transport mode choice and built 
environment using the following proxies for urban structure: 
 Gross density, origin traffic area zones (TAZs): (population + 
employment)/gross square miles 
 Gross density, destination TAZs: (population + employment)/gross square miles 
 Job accessibility, origin TAZs: number of jobs (in 1,000s) within a 45 minute 
highway network travel time 
 Labour force accessibility, destination TAZs: number of households (in 1,000s) 
within a 45 min highway network travel time 
 Land use diversity, origin TAZs: retail employment and population relative to 
county-wide ratio 
 Land use diversity, destination TAZs: normalised entropy index of households, 
retail employment, office employment, and other employment. 
Cervero and Kockelman (1997) defined three principal dimensions that define how 
urban structure influences travel: density, diversity and design, as follows: 
 Density 
o Residential density 
o Employment density 
o Proximity of residences to employment (or accessibility) 
 Diversity: homogeneity to heterogeneity of land uses within a grid 
 Design: utility and attractiveness of the transport network. 
The above examples indicate that urban sprawl is quantitated by the concentration of 
residences and activities and the local balance between residences and activities. 
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Galster at al. (2001) further defined eight dimensions of an urban structure that can 
denote urban sprawl. These include: 
1. Density: the average number of residential units per area of developable land. 
2. Continuity: the degree to which developable land has been built on at urban 
densities in an unbroken fashion. 
3. Concentration: the degree to which development is located disproportionately in 
relatively few square miles of the total urbanised area (UA) rather than spread 
evenly throughout. 
4. Clustering: the degree to which development has been tightly bunched to 
minimise the amount of land in each square mile of developable land occupied 
by residential or non-residential uses. 
5. Centrality: the degree to which residential or non-residential development (or 
both) is located close to the CBD of an urban area. 
6. Nuclearity: the extent to which an urban area is characterised by a mononuclear 
(as opposed to a polynuclear) pattern of development. 
7. Mixed uses: the degree to which two different land uses commonly exist within 
the same small area. (This is common across the urbanised area (UA)) 
8. Proximity: the degree to which a particular land use or pair of land uses are close 
to each other across the UA. 
Based on these eight dimensions, a city is characterised as having urban sprawl if it 
possesses the following characteristics: 
1. Low density 
2. Discontinuity 
3. Low concentration 
4. Unclustered 
5. Decentralised 
6. Mononuclear 
7. Single land use 
8. Low proximity 
Historically, there is a tendency towards urban sprawl where the concentration of 
residences and activities is diluted and residences and activities are separate. The CBD 
is a clear example that employers and jobs tend to locate in close proximity to each 
other, while the suburbs are the preferred location for residences. 
Dieleman and Wegener (2004) noted that it is widely considered that urban sprawl is 
the combined effect of growing affluence, changing lifestyles and the vast advance in 
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personal mobility made possible by the private car. They further noted that it is common 
knowledge among planners and the public that urban land use and transport are closely 
interlinked, and that the spatial separation of human activities creates the need for 
travel. Following this principle, it can be understood that the suburbanisation of cities is 
linked to the increasing spatial division of labour and to ever-increasing mobility. They 
proposed three theoretical approaches to understanding the interaction of land use and 
travel: 
 Technical theories (urban mobility systems): urban development, i.e., technical 
conditions determine the internal organisation of cities, where accessibility 
drives the location choices of households and firms, which in turn affects 
transport demand and performance. 
 Economic theories (cities as markets): in addition to technical conditions, firms 
optimise their utility by selecting the best combination of distribution and 
agglomeration and the firms with the highest added value will be able to outbid 
competitors for the limited land available. On the other hand, households 
optimise their position through a trade-off between land costs and transport 
costs. 
 Social theories (society and urban space): social theories treat the market for 
space as a function of the need for activity space, in which different 
demographic sectors demand different levels of action space, subject to 
constraints. These constraints are limited to the time and budget of the various 
demographic sectors, as well as restraints to proximity to particular activities or 
social groups (Dieleman and Wegener 2004). 
It is noted in these three theories that cheap land prices on the outskirts of cities provide 
outward pressure on urban sprawl, while transport costs provide  inward pressure. The 
economies of scale and agglomeration and access to markets drive firms towards the 
CBD. It is also apparent that the advent of cheap and fast car-based mobility has driven 
the tendency towards urban sprawl over the last few decades, resulting in the following: 
 Decreased density of development 
 Increased geographical separation between residences and firms 
 Specialisation of land use (i.e., away from localised diversification of land use). 
Government Policy and Urban Structure 
In addition to the market and social forces that have shaped the present urban forms, 
another factor is government policy and investment in growth, land use and transport.  
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Carruthers (2002) reviewed the impact of government policy on urban structure. 
Government land policy was initially rooted in environmental protection, and later 
evolved to control urban sprawl (DeGrove 1992). The principle was based on the fact 
that individuals acting in their own interests cannot take consistent action to mitigate the 
growing concerns related to urban sprawl. Inconsistency in the development and 
application of government land use plans has led to ineffectiveness and may even have 
contributed to urban sprawl. Part of the problem has been the decentralisation of land 
use planning and its implementation to local governments. This has led to inconsistency 
with regional land use plans and with abutting local government land use plans. With 
learning, governments have improved and expanded their instruments. In addition to 
comprehensive planning, certain states prescribe the use of specific policy instruments, 
including urban growth boundaries and/or concurrency requirements, to regulate the 
outward expansion of urban development. In these cases, communities must designate 
urban growth areas and provide infrastructure to support new development before it is 
allowed to proceed. DeGrove (1992) and Carruthers (2002) identified three key factors 
for success in curtailing urban sprawl through government intervention: 
 Vertical and horizontal consistency of plans 
 Consistent and effective enforcement of plans 
 Urban growth boundaries, which appear to be the most effective instrument to 
control urban sprawl. 
It is therefore important to note that government policies can influence urban sprawl, at 
least to a degree. It is clear from recent experience that urban sprawl has not been 
curtailed. Perhaps a new generation of refined policy instruments is needed to augment 
current government instruments to control urban growth and structure. 
 
2.3 Impact of Urban Structure 
Dieleman and Wegener (2004) reviewed the potential impact of urban structure. Based 
on the empirical studies they reviewed, the following points were noted: 
 Residential densities 
o Higher density combined with mixed land use leads to shorter trips 
o Residential density has little or no impact on trip frequency 
o Higher residential densities are associated with higher transit use and less 
car use 
 Employment densities 
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o The balance between workers and jobs results in shorter work trips; 
however, this could not be confirmed in other studies 
o Mono-functional employment centres and dormitory suburbs have longer 
trips 
o No impact on trip frequency 
o Higher employment density is likely to induce public transport use 
 A mixture of workplaces and residences with shorter trips is likely to have a 
positive impact on the share of cycling and walking trips, but there are 
uncertainties in the potential impact. 
Camagni, Gibelli and Rigamonti (2002) examined various topologies of urban structure 
based on the city of Milan, which included: 
 Infilling (T1), which is characterised by situations in which building growth 
occurs through the infilling of free space remaining within the existing urban 
area. 
 Extension (T2), which occurs in the immediately adjacent urban fringe. 
 Linear development (T3), which is development that follows the main axes of 
the metropolitan transport infrastructure. 
 Sprawl (T4), which characterises new scattered development lots. 
 Large-scale projects (T5), which concerns new lots of considerable size that are 
independent of the existing built-up urban area. 
Camagni, Gibelli and Rigamonti (2002) also modelled the potential impacts of the 
various topologies, and concluded that with respect to the mobility generated, higher 
environmental impacts were associated with low densities, sprawling development and 
residential specialisation. PT seems to be strongly influenced, both in terms of 
efficiency and competitiveness, by the structural organisation of an urban area; the more 
dispersed and less structured the development, the lower its level of efficiency and 
competitiveness and consequently its share of the mobility market. In contast, trip times 
for private transport appear not to be correlated with urban dimension or density. 
Travisi, Camagni and Nijkamp (2010) examined urban topology and mobility impacts 
more broadly in seven cities in Italy by modelling. They concluded that sprawl 
contributes to higher travel impacts. Less compact and mixed use cities result in higher 
impacts, since the greater dispersion of activities in urban sprawl increases car 
dependency and makes it necessary to spend more time travelling between activities. 
However, car use itself also encourages sprawl. It requires large amounts of land for 
transportation facilities and makes the development of the urban fringe much easier. 
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The segregation of productive and residential activities increases with sprawl; workers 
need to travel longer and the self-containment capacity of cities is hampered. This shifts 
congestion from the core towards the periphery of the transport system, resulting in 
lower quality transport services. 
Thus, it seems that many research studies have shown that urban sprawl leads to a 
significant increase in travel, with a corresponding increase in congestion, transport cost 
and damage to the environment. A less optimistic result was in the work of Schwanen, 
Dieleman and Dijst (2003). Their case study of the Netherlands examined two types of 
urban systems: 
1. Centralised: these regions resemble monocentric systems in which morning peak 
commuter flows are predominantly oriented towards the core of the city. 
2. Decentralised: much employment is located in the suburban parts of the system 
and these attract many peak hour commuters from the central city and other 
suburban municipalities. 
Their analysis was based on empirical data from the Netherlands National Travel 
Survey (1998). These researchers concluded that only a small, but nonetheless 
statistically significant, proportion of the variation in car commute times can be 
attributed to differences in urban spatial context. Personal characteristics have a 
stronger influence on commute times by car than monocentrism or polycentrism. 
Nevertheless, after allowing for the influences of personal characteristics, urban 
structure still remains of some importance. These results indicate that the more 
monocentric urban regions in the Netherlands have lower commute times. The authors 
attribute this result to the close proximity of polycentric cities, and their observation that 
some workers live and work in different cities (Schwanen, Dieleman and Dijst 2003). 
The results from the Netherlands may be related to the concept of excess commuting. 
Ma and Banister (2007) illustrate this concept by showing that polycentricity can 
potentially induce travellers to find destinations in other centres and can result in longer 
trip lengths. 
 
2.3.1 Observed Impacts in the United States and Australia 
Since World War II, a number of cities throughout the United States (US) have 
witnessed decreasing employment in their centres and have thus found it difficult to 
keep alive or revitalise their CBDs. In both Australia and New Zealand major cities 
have also experienced significant growth of dispersed residential areas in a way 
comparable to that seen in the US. However, a significant difference is that this has not 
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correlated with decreased rates of employment in city centres, underpinned by the 
creation of white-collar office jobs leading to a process of recentralisation (Burke, Li & 
Dodson 2011). Within the Melbourne CDB, 100,000 new jobs were created during the 
period between 1996 and 2006 (Mees 2010). In recent census data (Burke, Li & Dodson 
2010), it was found that transit mode shares grew steadily across most major Australian 
cities for the journey to work (JTW) data, with problems in urban traffic congestion 
being a national election issue in 2010 (Burke, Li & Dodson 2011). Further, the 
Australian government has developed slow-growth and decentralisation policies (Burke, 
Li & Dodson 2011). 
The differences in socioeconomic structure between American and Australian cities are 
a factor in shaping the different urban forms exhibited in the two countries. Australian 
cities more typically feature higher-paid white-collar jobs, concentrated in the city core, 
but the inner and middle urban and suburban zones are typically inhabited by relatively 
wealthy populations (Burke, Li & Dodson 2011). Meanwhile, for those white-collar 
workers living in the outer suburban zones, lengthy commutes to the CBD are the norm, 
with a number of commuters facing travel times of greater than 90 minutes each way. 
Typically, it is those households with lower socioeconomic status that face the longest 
commuter journeys, as they live in outer suburban zones with lower residential prices 
than those found in the inner urban housing markets throughout Australia (Burke, Li & 
Dodson 2011). 
Another issue arising from over-centralisation is that of the impact on unidirectional 
commuting flows, with significant demand for peak hour transport system capacity that 
is yet to be met by the rail and road systems in Australian cities (Burke, Li & Dodson 
2011). These unidirectional flows have problematic impacts on the recovery of transit 
costs, with a number of empty trains and buses running in the opposite direction 
remaining a large-scale non-recoverable component of the cost structure of transport 
services. Further, this contributes to significant levels of transit subsidies throughout 
Australian cities (Burke, Li & Dodson 2011). Yet, increasing costs for both office leases 
and housing rental throughout the CBD have certainly caused state governments around 
Australia to consider the development of employment decentralisation policies. For 
example, the Queensland government has committed to a program of employment 
decentralisation, moving 20 per cent of its office space, approximately 5,600 public 
servants, out of Brisbane’s CBD core by 2017. This policy will effectively reduce 
leasing costs by millions of dollars (Burke, Li & Dodson 2011). Although Brisbane is 
not absolutely monocentric, its suburban centres do not contain more than 15,000 jobs, 
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with small-scale and few options for suburban office parks, especially when compared 
with those found in American cities. Suburban office parks are typically found near 
freeways and not transit options, so that highways continue to shape company decisions 
around location, similar to the experience in America (Targa, Clifton & Mahmassani 
2006). 
The nature of the decentralisation policies, and their multiplier effects, will be seen in 
the capacity of such policies to influence the private sector to move outwards to 
suburban zones. Urban restructuring will also shape transport. However, there exists 
little analysis of the impact of employment decentralisation on transport in Australia, 
and a lack of significant analysis of the impacts of policy interventions, both in their 
proposal and their implementation (Burke, Li & Dodson 2011). It is also not clear 
whether suburban zones are the optimal choices for the location of such employment, 
and whether middle ring suburbs would be a better policy focus than relocation to the 
outer suburbs. 
 
2.4 Decentralisation Structure in Cities 
Employment decentralisation is a critical factor in models that do not focus on the 
consolidation of activities and services in the CBD. Therefore, employment 
decentralisation can shape the following factors (Wegener & Furst 1999): 
 Labour markets 
 Housing markets 
 Urban transport systems 
 Future urban development of the city  
A range of issues can underpin a process of employment decentralisation: 
 Increased land shortages throughout the city centre, leading to increased costs, 
creating problems with land-consuming activities. 
 Traffic congestion and pollution, typically linked to congestion of the city 
centre, leading to a greater focus on the benefits of decentralisation. 
Areas in the outer zones are favourable for access, due to their capacity for an airport or 
motorway. Increased access for workers and consumers is an important factor in a 
company’s decision to decentralise, as well as for peoples’ decisions about where to live 
(Horner 2004). In order to better understand urban decentralisation, it is important to 
assess the history of urban and employment decentralisation as experienced 
internationally (Bontje and Burdack, 2005). 
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The United States 
By the late twentieth century, American metropolitan areas reflected changing patterns 
of suburban development. Commuting flows within suburban areas have grown to 
become critical for urban areas, rather than commuting focusing on journeys between 
intercity and suburban areas (Bontje and Burdack, 2005). By the 1980s the move from 
CBD zones to outer areas was underway, with a growth in office space at the edge of 
the city comparative to the CBD zone. This is reflected in the development of new 
suburban zone centres (Bontje & Burdack 2005). 
Garreau (2011) defined new centres as those spaces with more than 24,000 workers, 
465,000 m2 of office space and 56,000 m2 of retail space. Such criteria are linked to 
urban decentralisation, are understood by the population as one place or centre, and 
typically have a surplus of commuters due to the significant concentration of 
employment opportunities. The development of such new centres at the city edge 
typically arises from an earlier phase of suburbanisation, or from urban, retail and 
household service decentralisation. Either way, these processes lead to a change in the 
location (Stanback 1991). 
 
France 
In France, employment sub-centres have grown in proximity to the CBD rather than at 
the edge of the metropolitan cities. In the 1990s central Paris witnessed a decrease in 
employment, while the inner suburban centres grew, such that La Defence is the largest 
non-CBD sub-regional employment node, yet exists within the border of the 
municipality of Paris. Paris has also focused on the creation of new cities, with centres 
including Massey-Scalay and Marla-Valee, at 20 km southwest and east of the city, 
respectively (Bontje and Burdack, 2005). 
 
The UK 
A variety of policy objectives focusing on increased urban efficiency underpins the 
UK’s new centres policy, leading to the creation of new cities in decentralised areas. 
The focus was to deal with the need to disperse the urban population (Stanbeck 1991). 
Between 1963 and the 1980s, the relocation of government offices was a major aspect 
of the policy, and it focused on the shift of employees from London’s CBD to outer 
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areas, ultimately decreasing over-capacity crowding on PT and traffic congestion 
(Burke, Dodson & Gleeson 2010). 
 
 Australia 
The Sydney Regional Outline Plan (SROP 1968) sought to create a second CBD in 
Parramatta, with a significant level of success (DEP 1988). Parramatta is a clear 
example of urban, intra-metropolitan decentralisation, observed through the planning of 
activity zones. In 1970 Parramatta had 10,000 employees, growing to 40,000 by 2005 
(DEP 1988). Building on this, the City of Cities policy Burke, Li & Dodson 2010 
recommends consolidating three cities with existing CBD areas; namely, Parramatta, 
Liverpool and Penrith, ultimately creating significant employment attractors (Burke, 
Dodson & Gleeson 2010). 
Meanwhile, although decentralisation has been a much-promised issue for Melbourne 
since World War II, most development has focused on middle and outer areas. As a 
result, the population is highly dispersed, and a lack of planning support has led to the 
inability of PT and land use integration to support this dispersion. A result of this is 
dispersed journey patterns that are inconvenient and not supported by radial PT systems 
(Mees 1995). Significant evidence suggests that those households with members 
employed in the CBD have been pushed out of the inner urban housing market. Such 
households are typically located near to rail transit systems in order to ensure commuter 
access, ultimately leading to significant strain on network capacity (Tsutsumi & 
O’Connor 2006). 
 
2.5 Compact Urban Structure  
Urban planning is important for maintaining sustainable form (compact urban form), as 
it both creates and regulates higher density development (Alford & Whiteman 2009). 
There are a variety of ways to assess different compaction modes. The city development 
model differentiates large population and employment density and mixed land use 
throughout the CBD and inner urban areas, supported by radial transport networks. 
However, in rapid urban growth cities, the CBD area is unable to provide for all 
residential needs in places within or near the CBD (Alford & Whiteman 2009). 
The rail corridor development model focuses on the radial rail corridors throughout the 
metropolitan area, looking at the development of ‘urban villages’ around suburban rail 
stations. Such villages provide local services such as shopping and employment, and a 
consolidation of opportunity. As suggested by Newman and Kenworthy (1989), 
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comparative to other forms of motorised transportation, rail transit systems are 
understood to involve shorter distances and energy-efficient car use. Rail transit systems 
allow commuters to reduce their car use, and instead use transit forms between villages 
or through longer urban centres by rail (Alford & Whiteman 2009). 
The activity centres (AC) development model (polycentric urban form) is a model that 
focuses on the creation of more liveable, higher density and better-serviced 
communities by creating larger, polycentric urban environments. The focus of this 
model is mixed land use development, or bringing together a range of commercial 
services, employment and residential purposes. In addition, this model suggests 
decreasing the number of system trips required to access these services, with higher 
‘nodal’ densities and enhanced rail-bus and tram exchanges anticipated in this model to 
create better PT shares and subsequently a reduced use of motor vehicles for those 
communities (Alford & Whiteman 2009). 
 
2.5.1 Polycentric Structure 
The Sub-centre Concept 
A sub-centre is understood as a point in a metropolitan area typically exhibiting a higher 
density of workers than that of their neighbouring areas, and having a significant 
influence on the surrounding areas. This influence is seen in the flow of employees and 
consumers visiting from their homes, and by the value and intensity of land use. A sub-
centre is a reference point in an area with such intensity that the neighbourhood is 
identifiable, but not integrated into the environment of the urban structure (Masip 
Tresserra, 2011). 
Since at least the 1920s, spatial models have focused on the self-organisation of space 
as developed by entwined processes including (Masip Tresserra, 2011): 
1. Spatial rent of land formations 
2. Land use configuration 
3. Spatial use intensity 
Values, use and density are three parts of the triangle that shapes issues such as 
transport costs, time needed to overcome space and agglomeration externalities, and 
property emerging from the concentration of locators. Bertaud (2004) has suggested that 
the factors that both create and consolidate sub-centres are therefore reflective of the 
efficacy and efficiency of the transport system. He argues that the difference between 
monocentric and polycentric cities correlates with the capacity to replace or substitute 
destination transit patterns. Moreover, no city can therefore be categorised as 
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completely monocentric or polycentric (Bertaud 2004). Theoretically speaking, cities 
can be understood as one of four options, as outlined below (Figure 2.2): 
1. A city with a concentration of the CBD and sub-centres, with the majority of trips 
focusing on travel from the periphery to the CBD core (monocentric). 
2. A city where the CBD and sub-centres create significant pull factors for employees, 
with a lesser, but still important, pull between the sub-centres themselves. 
3. A city based on polycentric system equipotential, with a concentration of the CBD 
in relation to the sub-centres (polycentric). 
4. A town mid-way between the monocentric and polycentric structures, with clear 
hierarchies. The CBD is at the top of the hierarchy with travel directed that way, but 
the sub-centres create competition for the CBD, although they are not hierarchically 
equal to the CBD. 
 
 
Figure 2.2: Types of urban structure 
Source: Bertaud (2002) 
 
In addition, metropolitan sub-centres consist of the following elements: a diverse range 
of economic structures, such that sub-centres should support complicated networks of 
skills and be cooperative. In this instance, the complex nature of the sub-centres 
underpins their diversity, such that the diversity is based on a number of discrete 
variables with a large-scale amount of information and number of interactions (Bertaud 
24 
 
2004). There should be concentrated retail and office activities so that these activities 
create hierarchical relations in the market and geographical areas. These activities lead 
to geographical connections based on the distribution of goods and services. The 
concentrated economic and residential activity allows workers to remain there due to 
the significant diversification of employment, ultimately creating attractive sub-centres 
in both working and residential terms. 
 
2.5.2 Identification of Sub-centres 
There are two main approaches to the identification of sub-centres: by density and by 
function. These two approaches are discussed in the following sections. 
 
 Identification of sub-centres by density 
The density approach is the most common and primarily uses four methods. McDonald 
(1987) argued for identifying employment density ‘peaks’, with a sub-centre being 
defined as the second largest employment density peak after the CBD. This method 
focuses on assessment of employment density in order to understand local disruption 
via the use of a GIS. Moreover, the employment/population ratio is important for 
identifying those areas that have a higher level of concentrated economic activity. 
The use of upper and lower cut-offs was suggested by Guiliano and Small (1991), who 
viewed sub-centres as contiguous census tracts with a density greater than ten 
employees per acre, and with a total critical mass of at least 10,000 jobs. Thus, sub-
centres require certain density and critical mass volumes (Garcia-Palomares 2010). This 
approach also argues that sub-centres are those zones with higher densities than the 
metropolitan averages and a minimum of an additional 1 per cent employment than in 
the metropolitan centres. Finally, Hall and Pain (2006) have argued that cores can be 
understood as those zones with a minimum of 20,000 employees and seven or more 
workers per hectare. 
A third method focuses on econometric measures, viewing possible sub-centres in terms 
of analysing significant residuals in an exponential negative density model (McDonald 
and Prather 1994). These authors have identified a range of models for identifying sub-
centres using the analysis of areas with positive residuals that are significant at a 95 per 
cent confidence level. 
The fourth and final model is focused on non-parametric models, using locally or 
geographically weighted regression (L or GWR) to identify peaks by locally adjusting 
the density function and then prioritising the impact of neighbouring municipalities on 
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this process of adjustment (McMillen 2001). The primary utility of this approach is that 
it makes it possible to assess local gradients of density reduction within metropolitan 
areas. A hybrid method has been applied, looking at density peaks detected by GWR 
residuals, adjacent census tracks and complying with threshold limits for both density 
and workers (Suàrez & Delgado 2009). 
 
Identification of sub-centres by function 
This methodological approach recognises that sub-centres are both unusually dense 
zones in a metropolitan area and also a type of structural node that strengthens 
functional relationships with neighbouring municipalities. This method correlates with 
the notion that centres in a network of cities exist as nodes without necessarily being 
dense spots. Such analysis has been used to consider functional interactions and delimit 
territorial systems (Garcia-Palomares 2010), seen in a variety of analyses around the 
world, such as statistical metropolitan areas (SMA) in the US, and travel to work areas 
(TWA) in the UK, and finally, focusing on detecting the sub-centres that structure 
territorial systems. 
In terms of delimiting metropolitan areas, using such an approach enables the 
identification of urban sub-centres (Cladera, Duarte & Moix 2009). Using travel to 
work data, this approach delimits metropolitan areas and sub-centres, because its 
reflexive, or transitive, interactions are considered together. Thus, the bidirectional 
relationship between municipalities is understood, such that the integration of a singular 
municipality leading to complementary and peripheral municipalities is understood. 
Such peripheral municipalities can provide for specialised economic activities, such as 
employment agglomerations, where employees live in other municipalities (Masip 
Tresserra, 2011). 
Using the typology of a daily urban system, Van der Laan (1998) applied such a 
method. He focused on two key criteria, namely, the extent to which suburban 
commuters orient towards the central city, and the extent to which central city 
commuters orient towards suburban municipalities. 
  
Emerging and consolidated sub-centres 
McMillen (2001) has claimed that a useful understanding of sub-centres is as follows: 
 Sub-centres have significantly larger employment densities than nearby 
locations. 
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 Sub-centres impact on the overall employment density function because of their 
place as structural elements within metropolitan systems. 
 Sub-centres also impact on overall employment density because they are 
positive for both employment and residential purposes. 
Building on this definition, McMillen and Smith (2003) claimed that significant sub-
centres are comparable to the traditional CBD, employing thousands of workers 
throughout a number of economic sectors. The range of industries might be smaller than 
the CBD offers; however, the larger sub-centres look extremely similar in terms of 
diversity to the CBD. That is, for a sub-centre to offer competition to the CBD, it needs 
to ensure diversity in order to improve the potential to attract and maintain workers by 
improving the capacity to bring together company and worker needs and skills, as well 
as ultimately leading to greater interactions between the hinterland and alternative sub-
centres (Masip Tresserra, 2011). 
From this type of analysis, ideas of emerging and consolidated sub-centres appear. This 
studyfocused on an emerging sub-centre as one that operates as a structure and has an 
important economic role within the metropolitan system, but remains mono-specialised, 
lacking both economic diversity and a significant population, and largely focuses on the 
outsourcing of production units external to the CBD. Meanwhile, the consolidated 
and/or large sub-centre is one that is over-specialised in a range of economic activities, 
is extremely diverse and has a significant population. Additionally, it retains its 
workers, while concurrently attracting newer levels of workers (Masip Tresserra, 2011). 
 
2.5.3 Impact of Polycentric Structures 
Polycentric Structures and Travel Costs 
Alexander (1980) examined two options for decentralisation in Sydney. First, he 
assessed the concentration of activities in large sub-centres, and second, the application 
of activities to a set of small sub-centres. By applying a four-step modelling process, he 
identified that both options led to a significant saving in the work journey times for 
those workers in relocated offices. This was particularly true for female workers and for 
those residing in suburban areas, due to their better access to employment. The large 
sub-centre option conferred more significant net benefits to both employees and firms, 
although for both options increased traffic congestion, losses for PT services and 
increased fuel consumption were identified. These losses in the PT system led to the 
creation of inequity for ‘captive’ PT users (Alexander 1980). 
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With respect to the impact of travel on development options, Young and Gu (1996) 
assessed the impact of travel on development models for three models: a strictly 
monocentric model, a decentralised model whereby employment and housing were 
found in five centres, and a dispersed decentralisation model. Their analysis highlights 
that the application of policy to central area intensification does not necessarily result in 
decreased city-wide car travel, or improvements in transit travel. Therefore, larger 
employment and population densities surrounding selected transit nodes are preferred, 
but these need to be places in the middle suburbs (Luk 2003). 
In an analysis of the relocation of the Coles-Myer headquarters from the Melbourne 
CBD to a 40,000 m2 building in Tooronga, in Melbourne’s mid-eastern suburbs, Bell 
(1991) found that the car use and car ownership of employees increased. Moreover, few 
employees relocated their residences. The relocation of the headquarters was part of a 
market-oriented out-of-centre development, and so sought to affect both residential 
markets and travel behaviour. In a comparable analysis, the impact of relocating the 
Gensidige firm to suburban Oslo was analysed (Hanssen 1995). Again, virtually no 
employees relocated their residences, opting instead to face increased travel time costs, 
with an increase in the percentage of employees requiring a transfer on their PT journey 
to work (JTW) from 8 per cent to 25 per cent. Ultimately, it was found that the 
percentage of employees with a seasonal pass for PT use decreased by 12 per cent in 
one year. Overall, while less than a quarter of the employees enjoyed a reduction in 
travel to work time, the magnitude of those time savings was so significant that the 
overall workforce travel times were reduced (Hanssen 1995). 
A limitation of the analysis of single company relocation case studies is that the results 
cannot easily be applied to other contexts. In an attempt to reduce this context-specific 
restriction, Daniels (1981) analysed aggregate impacts on travel in 42 companies’ 
options for decentralised locations around London. The study found a significant shift in 
mode of transport to car use correlating with employment decentralisation (Daniels 
1981). 
Aarhus (2000) investigated the impacts for four firms in Oslo that shifted from the inner 
city to the suburbs. Car travel increased in all of these firms, owing to four main factors: 
 Access to parking 
 Access to arterial road networks 
 The share of employees having co-located work and homes 
 Access to high quality PT. 
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The impact of a polycentric structure in Brisbane was assessed by Burke, Li and 
Dodson (2011), using a hypothetical situation whereby employment decentralisation 
was compared to the existing situation. Their analysis was based on data from the 
Queensland Government’s scheme and the South East Queensland Regional Plan details 
of centre planning extrapolated to 2031. In the hypothetical model, a significant amount 
of employment is relocated to middle suburban locations rather than outer suburban 
areas. Employment is thus clustered into suburban activity centres (ACs), using the 
existing transit links found in the current situation. The majority of the transit links are 
cross-suburban and form a more complex connected network than the existing situation 
in Brisbane. Such centres operate as key nodes for both the rail and bus commuter 
networks in the city. This model suggests improved travel times as a benefit, but also 
decreased travel distances, especially in terms of the number of kilometres travelled. 
However, the impact on private vehicle use is still problematic, which has been 
recognised internationally (Burke, Li and Dodson (2011)). Impacts on traffic 
decongestion and decentralisation situations have been developed in response to this 
type of model, and thus the accuracy of the model is important for the assessment of the 
response, including travel effects, on newly decongested roads coming into the CBD 
(Burke, Li & Dodson 2011). 
The impact of monocentric and polycentric urban structures on mode choices and 
distances for home-based work, leisure and shopping in the Netherlands was analysed 
by Schwanen, Dieleman and Dijst (2001). The results showed mixed responses in 
relation to the urban area modal split and the distance travelled. This study also found 
that decentralised urban land use led to increased use of suburban locations, and the 
creation of new towns. Ultimately, this led to the increased use of private vehicles for 
all functions (work, leisure and shopping), with a subsequent decrease in the use of 
public transit modes, cycling and walking. Moreover, the urban structure of cross-
commuting, where a variety of urban residents work in suburban locations, creates 
similar results. 
Another key finding from this study was that decentralised and exchange commuting 
urban systems are important in supporting public transit and cycling options, due to the 
small size of the polycentric urban structures in the Netherlands. The small size of these 
structures enables more cycling compared to other larger urban areas. However, in this 
study in the Netherlands, the impact on distance travelled seemed to contradict these 
models, as locations were modified to create better-balanced commuting distances. 
Longer-distance commuters were identified in the exchange commuting urban systems 
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in the Netherlands, with a spatial imbalance between the location of residential and 
employment areas. Such imbalances suggest the importance of long-term spatial 
planning policies. However, the influence of location policies has also shaped the 
spatial modification processes undertaken by households and companies. 
Finally, de-concentration of urban land use in order to develop polycentric urban 
structures creates greater use of private vehicles, such that the distance travelled to work 
does not always increase due to the development of such polycentric urban structures. 
Moreover, these structures can lead to reduced levels of cross-commuting urban 
systems. 
 
Polycentric Structures, Accessibility and Rent Value 
It is likely that significant processes of employment decentralisation can improve 
housing affordability for the workers who relocate. Traditional land market models 
suggest a monocentric city, underpinned by a concentrated core zone, where land users 
bid for access with the rental prices for the land determined by the marginal value and 
the differential value of the land. Land value is generally the outcome of specific 
productive characteristics, while Wingo (1964) suggested that it is also a function of 
accessibility in modern cities. 
In developing these models, it has been identified that travel costs from the core impact 
on rent, such that the rent in outer suburban zones is typically lower because the bidders 
also assess the cost of transport. In monocentric cities that feature a strong city core, this 
leads to a ‘bid-rent’ curve, where higher rents are identified in the central and inner 
urban zones, decreasing as distance from the CBD increases (Burke, Dodson & Gleeson 
2010). The bid-rent curve is therefore related to the allocation of scarce land resources 
to bidders, based on their capacity to pay (see Figure 2.3). Those with the strongest 
ability to pay concentrate in the centre, while those with the weakest ability to pay are 
located out along the curve, to the periphery in monocentric cities. An example of these 
phenomena is found in Brisbane, where higher-income groups have a type of spatial 
monopoly over the central and inner urban areas, while the lower-income groups are 
located in middle and outer suburban locations (Burke, Dodson & Gleeson 2010). 
The process of decentralisation suggests that the desire to relocate a percentage of the 
city centre activities to middle or peripheral locations ensures the relocation of the 
accessibility function within the bid-rent curve. Ultimately, this creates significant 
improvement for cost savings in the housing market and in transport costs (Burke, 
Dodson & Gleeson 2010). Those households that relocate to inner urban zones in order 
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 AC growth areas plus strong infrastructure investment and high-level planning 
interventions as espoused in Melbourne 2031, including the development of 
urban fringe growth areas. 
 Super CBD: half of future population growth and all future employment growth 
to be concentrated in an enlarged CBD. 
 Super CBD parking prohibition variant: as above, but with no new off-street 
parking permitted in this larger CBD area. 
 Inner city: future growth to be directed to the inner city (transport-rich) areas of 
Melbourne, including the CBD. 
 Polycentric city: outer centres, urban growth directed towards major outer 
suburban centres, while the primacy of the CBD is maintained. 
 Polycentric city: middle centres, with urban growth towards the major middle 
ring suburban centres, while primacy of the CBD is maintained. 
 Linear development: large-scale employment development to be confined to 
within 400 metres of a railway station or tram stop, with expansion in PT 
capacity. 
The results formed the basis for understanding a range of potential future situations for 
Melbourne by 2031, as described below: 
 The non-intervention and base case 2031 scenarios were linked to the poorest 
outcomes for transport energy and greenhouse gas emissions. 
 The AC/growth area plus scenarios were similarly problematic, due to the 
dispersed patterns of employment, population, travel patterns and higher levels 
of vehicle kilometre travelled (VKT). These results were a consequence of the 
growth of residential areas on the urban fringe. 
 The AC scenario gave better results, due to the impact of growth area 
development on transport energy and greenhouse gas emissions. This was true 
even at higher densities than the current scenario. 
 The inner city scenario was the most positive, followed by the super CBD 
scenario. This was due to the significant level of PT mode share, specifically 
train and tram. 
 Both the inner city and super CBD scenarios found that the energy benefits were 
more significant than the greenhouse gas benefits, such that scope for on-going 
decreases in greenhouse gas emissions would be possible if there was a greater 
use of renewable energy sources for train and tram use. 
32 
 
 Polycentric scenarios were more positive than both the AC and AC/growth areas 
plus scenarios, suggesting that there were greater benefits from urban growth in 
a small number of ACs across metropolitan Melbourne. 
 The super CBD parking variant suggested a significant improvement over the 
super CBD scenario, and this indicates that the pricing of private vehicle use, 
particularly for parking, may lead to improved mode shift and reductions in 
transport energy use and greenhouse gas emissions. 
 
2.6 Urban Restructuring of Melbourne and Riyadh 
The present research focuses on two cases: Melbourne and Riyadh. The following 
sections describe the history and future directions of the urban structure of these two 
cities. The urban development policies of both of these cities are converging towards 
polycentric structures. 
 
2.6.1 Urban Growth in Melbourne 
(Before 1929): Foundation of Melbourne and the Metropolitan Town Planning 
Commission phase 
Melbourne was founded in 1835 and was officially declared a city by Queen Victoria in 
1847. In the 1850s, during the Victorian gold rush, Melbourne emerged as a 
significantly large and wealthy city by global standards, yet one with a relatively low 
density. In 1929 the Plan of General Development was created, which suggested the 
development of a planning scheme to avoid abuse of land, protect property values, 
assess traffic congestion, consolidate land use and distribute recreational open space. 
 
 (1929–1970): Melbourne and the Metropolitan Board of Works phase 
The Melbourne and Metropolitan Board of Works (MMBW) developed the first 
comprehensive planning scheme for the metropolitan area. This scheme introduced the 
concept of district business centres and focused major retail activity in designated 
centres on the PT system that also provided central locations for housing, transport, 
employment and community activity (DPCD 2012). The plan addressed the size of the 
future city, decentralisation and civil defence, housing redevelopment and land 
subdivision, industry and its needs, central business centres, suburban shopping, 
education and culture, open space and recreation, other community services, road 
communication systems, PT and the CBD, planning for a population of 2.5 million in 
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the 1990s (Figure 2.4). It designated higher density zones for the inner suburbs, lower 
density zones for the middle and outer suburbs (such as Footscray, Preston and Box 
Hill) and rural zones for many areas that have now become suburbs. The plan shows the 
beginnings of the development of the corridors that we know today (McLoughlin 1992). 
It also proposed a major open space network along rivers and creeks. It proposed five 
district centres: Footscray, Preston, Box Hill, Moorabbin and Dandenong. The policy at 
the time said ‘They will offer to residents of the locality many of the facilities of the 
central city area under more attractive conditions nearer to their homes. 
In 1967, the MMBW addressed the present pattern, the shape and nature of Melbourne, 
redevelopment, new development, outward growth alternatives, desirable forms of 
growth, the administration of planning in Melbourne and suggested planning regions 
and finance (MMBW 1979a). 
Projected trends for urban growth for Melbourne have examined scenarios for the 
desired growth of Melbourne and how far the metropolitan area will extend. These 
scenarios include combinations of growth corridors, with provision for green wedges, 
along with possibilities for satellite cities and patterns for projected sprawl and 
consolidation (MMBW 1979a). 
In 1968, independent of the MMBW, the Town and Country Planning Board (TCPB) 
reinforced the corridor approach and recommended the establishment of satellite towns 
at Melton and Sunbury. This approach was endorsed by the then government. In 1969, 
the Metropolitan Transportation Committee recommended 510 kilometres of freeway 
for metropolitan Melbourne, as well as extensive rail works, including the city 
underground loop and two new lines to Doncaster and Monash University. Despite the 
majority of the printed material being devoted to non-car transport, 86 per cent of the 
projected budget was devoted to roads and parking, with only 14 per cent to other forms 
of transport. In 1970, the TCPB recommended that Westernport be planned primarily as 
a specialised port and heavy industrial complex. In the same year, the TCBP introduced 
policies to protect areas of natural beauty and conservation of importance to the east and 
south of the metropolitan area beyond the areas administered by the MMBW. These 
were instrumental in setting the planning directions for this area and establishing a 
special regional planning authority (MMBW 1979b). 
 
(1971–1990): The Town and Country Planning Board policies on the Dandenong 
Ranges 
The TCPB created conservation policies focused on the natural beauty of the 
Dandenong Ranges. These policies assisted in the creation of a special regional 
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planning authority. By 1971, the TCPB created further policies to protect both social 
and conservation elements of Melbourne at large, with the area east of Warrandyte 
identified as a possible water catchment (Tsutsumi and Ray 2006). 
In 1971 the MMBW created sustainable conservation and development policies focused 
on growth corridors with green spaces, and limited outward growth to specific sites at 
the city’s edge. In 1973, the TCPB suggested that the Geelong region plan to support a 
significantly larger share of the anticipated growth. By 1975, the TCPB had sought to 
protect the value of the Dandenong Ranges, with the TCPB Statement of Planning 
Policy No 1 (SPP1) seeking to conserve opportunities for selected port and industrial 
purposes, while also maintaining conservation and recreation capacity (MMBW 1979b). 
In 1981 the MMBW identified that developing Melbourne would require input at the 
municipal level in response to their local development plans. Assessment of such plans 
looked at the existing policy, changes to economic, demographic and employment 
patterns, on-going issues with energy costs, public investment, recreation, and 
commerce and industry trends. A concentration of housing, transport, community 
facilities and employment was recommended, as long as these concentrations occurred 
at accessible points (MCC 1985). 
In 1983 the MMBW supported the development of offices in 14 centres, and by the 
following year, the State Government created policies that focused on Melbourne’s 
CBD and the nature of commercial and economic growth (McLoughlin 1992). These 
polices focusing on land use planning were useful for the creation of economically 
vibrant cities, while improving questions of the environment, infrastructure and PT 
options. These ideas were recognised as important for the on-going development of the 
city. 
In 1987, the Victorian State Government developed a policy to assist in the growth of 
the city over the following decade (Figure 2.5). The policy considered issues related to 
economics, employment opportunities and infrastructure, with a clear emphasis on the 
private sector’s capacity to support urban change. By 1989, the policy statement arising 
from this saw a revision of the focus on AC, office developments and retail in the city 
core alone, and instead witnessed new policies for technology precincts. Additionally, 
in the same year, the State Government also created a strategic planning direction and 
policy for the Plenty Valley. 
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(1991–2008): The Victorian State Government focuses on the south-east and Werribee 
growth areas 
By 1992, the Victorian s State government had identified the importance of central 
Melbourne, and created two types of centres in its planning (strategic district centres 
and community district centres). By recognising the importance of free-standing 
centres, housing density increased. By 1995, the focus had turned to the creation of 
long-term sustainability in terms of economic growth and the nature of the business 
environment. Moreover, a focus on the capacity of Melbourne’s international 
communications, production and transport, as well as improving its regional links, 
environment and liveability remained central for policy makers. Finally, the balance 
between infrastructure and urban development was a key consideration during this 
phase (DPCD 2007). 
Policy documents considered the relationships between the central city, suburban 
Melbourne and nearby regional areas, in order to create a framework for integrated 
metropolitan development (DPCD 2007). Existing economic bases were a starting 
point, as they assisted in creating growth in service corridors and satellite cities, while at 
the same time developing services and major ACs so that the necessary investment and 
infrastructure were provided by the private sector. Another element of this phase was 
the focus on relaxing the city-wide planning direction, so that green space boundaries 
and the hierarchy of ACs was determined at the local level, on a situational basis 
(DPCD 2011). 
In 1998 the Department of Infrastructure (DOI) analysed trends in residential 
development, current population levels, household population trends, demographic 
trends, household incomes and projected growth (DPCD 2011). Based on the Australian 
Bureau of Statistics’ census data and population studies, From Doughnut City to Café 
Society (DPCD 2011), the potential future of Melbourne in terms of settlement trends in 
the outer ring and developing suburbs was identified. These data focused on the 
capacity of Melbourne to identify economic and environmental issues in the face of 
growing suburban sprawl. They also questioned housing solutions and population 
demographics. By 1999 the attention of the DOI was on questions of accessibility and 
planning system reform, innovation, integration of partnerships in development projects 
and the role of community consultation in planning. These consultations focused on the 
capacity for improvements in monitoring and review processes (DPCD 2012). 
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Since 2002, the more compact city focus of the DOI has examined the improvement of 
the management of metropolitan growth and networks with regional cities, and ensuring 
Melbourne becomes a greener city with better transport. At this point, the primary focus 
has been to transform the metropolis into a ‘network of cities’, moving away from a 
traditional city core with a single CBD. As a result, the suburbs have developed their 
own centres, with CBD areas. This policy shift has examined the issues of urban 
consolidation, infrastructure, outward urban growth and the development of green 
spaces by way of an urban growth boundary (DPCD 2007). 
This connects well to the Department of Sustainability and Environment (DSE 2005) 
plan to look at outward growth across the various growth areas in response to 
Melbourne 2030 (DPCD 2011). This strategic approach to development across 
Melbourne’s growth areas has focused on questions of commercial, industrial and 
residential land use, parks and open spaces, the development of new communities, land 
release and its relationship with services and infrastructure. This plan seeks to ensure 
housing affordability is linked to land supply, so that Melbourne remains liveable as 
compared to Sydney and Brisbane (DPCD 2011). 
By 2008, the DSE had revised Melbourne 2030 and integrated it with the Victorian 
Transport Plan (DPCD 2011). A significant issue emerging from this was the focus on 
how to create Melbourne as a multi-centre city and ensure the strategic expansion of 
Melbourne into regional Victoria. Revising the population settlement predictions of 
Melbourne 2030 has led to new questions about the future potential of Melbourne. The 
revised analysis has focused on the creation of employment and services in six key 
suburban central activity districts (CADs) and employment corridors. It further 
addressed the need to direct growth to Melbourne’s west and north, as future growth 
areas (Figure 2.6). In 2008, the Victorian State Government proposed a plan supporting 
all forms of transport, including a range of road and rail projects, such that the rail 
system will be transformed into a Metro style system (DPCD 2011). 
In 2009, the Department of Planning and Community Development (DPCD) created a 
plan for dealing with the growth areas around Melbourne in order to handle an 
additional 284,000 new dwellings by 2030. This plan highlights changes to the urban 
growth boundary, aligned regional rail links and the outer Metropolitan Ring/E6 
transport corridor, proposed infrastructure changes in the growth areas and the creation 
of new green reserves. The DPCD (2012) recently claimed that Melbourne has 
continued to grow and expand, to the extent that it is becoming a site of significant 
sprawl with low density, and a monocentric structure. This structure affects the capacity 
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2.6.2 Urban Growth in Riyadh 
Riyadh is growing in population and spread and in the future Riyadh is planning a 
polycentric urban structure. 
Background (Before 1929) 
In 1900 King Abdulaziz led a movement that eventually formed the nation of Saudi 
Arabia, with Riyadh as the primary city. By 1910 the population of Riyadh was 14,000 
and by 1930 this had grown to 27,000. In 1916 the spatial coverage of the city was 
smaller than one square kilometre, with much transport occurring on foot or on animals 
along two major roads that cut the city through the north-south axis and the east-west 
axis (Al-Fouzan 2002) (see Figure 2.7). 
 
 (1929–1970) Phase 
From 1930 the growth rate of Riyadh increased dramatically, with the population 
increasing at approximately 5 per cent per year between 1930 and 1950 and at 
approximately 7–8 per cent per year between 1950 and 1970. In 1940 the population of 
the city was 46,000, growing to 160,000 by 1960 and reaching 350,000 by 1970. By the 
1960s the spatial coverage of the city had reached 85 square kilometres (Al-Fouzan 
2002) (Figure 2.8). 
In the years between 1930 and 1950, the government sought to build national and local 
governance institutions and consolidate their resources, focusing on the establishment of 
management agencies and regulations. At the national level, the formation of ministries 
was further developed, and in 1953 the Directorate of Municipality was created within 
the Ministry of the Interior. By 1962 this was elevated to the Department of Municipal 
Affairs and was responsible for the creation and delivery of municipal services, 
providing support to municipalities to locate labour and to create master plans and 
regulatory frameworks for the establishment of towns and communities (Garba 2004). 
In 1962 the position of Deputy Minister for Municipal Affairs was  created within the 
Ministry of the Interior. The Supreme Planning Board was formed in 1961, and focused 
on the planning, coordination and organisation of economic development (Mubarak 
1992). By the 1940s the first roads suitable for vehicles were built, using paved stone 
roads connecting palaces and administrative buildings two kilometres north of the city 
to the city of Qasr Al-Murabba (Garba 2004). Throughout the 1940s and 1950s, the 
major roads of the older town were improved and made wider to support greater use by 
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cars, even though there was little car ownership during those decades. As regulations 
continued to change, a variety of laws focused on the recognition of local governance 
were enacted (Garba 2004). A 1932 law saw the establishment of the Riyadh 
municipality, while the 1937 Capital and Mayorship Act outlined the roles and function 
of municipal administrations. In the 1950s, with these new frameworks, the 
contemporary areas of administrative building and employment in Al-Malaz and the 
royal complex in Al-Nasriyahy were developed. This was followed by the building of 
the intercity railway station, which was four kilometres east of the old city in 1951, and 
in 1952, the airport was built seven kilometres north of the old city (Al-Hathloul 2002). 
These projects shaped the urban form of the city, as they created a connected road 
network that caused the city and its citizens to become car-dependent. This shift 
towards becoming a vehicle-dependent city was quickly achieved, meaning that the city 
lacked the transformation to a transit city urban form, something that has been 
conventional in the development of European cities (Garba 2004). This transformation 
was bought about due to the limitations of the Supreme Planning Board, who failed to 
engage with foreign expertise when analysing and recommending to government 
agencies on the issue of restructuring and developing the various governance 
infrastructure that would seek to improve planning and decision-making (Mubarak 
1992). The nation’s government offices were moved from Mecca to Riyadh in 1953, 
signalling the end of Mecca as the administrative capital of the country. This initiated 
significant work in the creation of both government buildings and housing projects to 
provide housing for the workers of the various ministries within specialised areas. This 
area is Al-Malaz, which is situated four kilometres north-east of the city centre, utilising 
a grid street pattern arrangement, supportive of use by motor vehicles. The creation of 
the royal complex throughout the mid-1950s in the Al-Nasriyah area had a significant 
effect on the physical development of the city in ways that were comparable to that of 
the development of Al-Malaz (Al-Hathloul 2002). 
In the context of such significant growth, and combined with the limitations of the 
Supreme Planning Board in terms of urban development, the government asked for 
foreign expertise to assist in uniform management and decision making around the 
development of urban structures within Saudi Arabia. This assisted with the 
acceleration of planning and decision-making (Al-Dubikhi 2007). The use of foreign 
expertise ended with the formation of the Central Planning Organization, which 
initiated the first five-year development plan, which was created and approved by the 
Council of Ministers in 1969. The plan prioritised the need for national development 
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objectives and created established targets for economic sectors. The use of the foreign 
expertise also led to the development of local planning of population growth relative to 
Riyadh. In 1968 the planning firm, Doxiadis International, was approached to create a 
thorough master plan for the development of the city (Al-Dubikhi 2007). 
In the later part of the establishment stage the delivery of services throughout Riyadh 
had been noticeably improved and a number of important projects were formed that 
strengthened the city’s physical development. These projects focused on the creation of 
palaces, internal city roads, government buildings, an airport and a rail link to the 
eastern province (Al-Dubikhi 2007). 
The central area of old Riyadh, dating from before the 1950s, is a compact area with 
low profile buildings, inhabited by lower-income migrants and to a lesser degree, Saudi 
nationals. After the 1950s the emergence of housing for government employees saw an 
increase in both detached villas and apartment buildings (Garba 2004). These have 
become extremely popular with ordinary people throughout the metropolitan area, 
underscored by the city’s master plans and the use of the grid planning structure. 
Throughout the metropolitan area, the most popular type of housing structure is the 
villa, while apartments are the most popular type of structure for expatriates, for a 
variety of economic and social reasons (Garba 2004). This suggests that the 1950s saw 
significant development of the modern Riyadh, although not necessarily in positive 
ways. Before the 1950s, walking was the primary mode of travel, due to the lack of cars 
and PT. However, since the 1950s the increase of private car ownership has become 
important, and cars are the preferred form of travel. Table 2.8 illustrates the average 
modal split of the dominant travel forms was the private mode in Riyadh. 
 
 
 
(1970–1990) Phase 
From the 1970s, the discovery of oil and increased oil prices led to significant economic 
growth, with subsequent urban development in Riyadh, the capital. This development 
transformed Riyadh into a modern city with high-rise buildings, shopping malls and 
highways. The urban patterns of 1940s Riyadh have moved from an Arabian desert-
oriented urban fabric with high fortified walls into a grid city model, complete with 
roads and modern housing in suburban areas, which have surrounded the old Riyadh 
mud-brick building areas within the wall structure. Figure 2.7 below shows that over the 
century, Riyadh’s physical structure grew from one square kilometre in 1917 to 1,000 
hectares in the 1950s, 2,500 hectares in 1968, 17,000 hectares in 1977, 44,000 hectares 
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in 1986 and 67,000 hectares in 1996 (ADA 1997). The population has also grown, with 
the city reaching one million in the 1980s. 
Figure 2.7: Urban growth in Riyadh 
Source: ADA (2004) 
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Figure 2.8: Population growth in Riyadh 
 
The on-going growth of the city has resulted in an increasing demand for services, and 
since the 1950s Riyadh has become car-dependent, a transformation consolidated during 
the 1970s economic boom. This period began with backdated demands for services, 
which consolidated the issues around service needs and suggested an immediate need 
for increased delivery capacity. Additional development issues include haphazard 
growth, limits to the defined city structure, housing limitations and traffic congestion 
(Doxiadis 1968). In particular, the supply of housing has been an issue, with demand 
moving at much faster rates than supply, leading to inflation in the housing market. 
The system for local and national governance in Saudi Arabia was well formed by 1975, 
and consists of the Ministry of Planning (MOP), responsible for national development 
planning, the Ministry of Municipal and Rural Affairs (MOMRA), responsible for 
spatial planning at the national, regional and local levels, as well as for providing and 
handling infrastructure, and the municipalities at the bottom level, responsible for 
everyday tasks in urban development (Al-Dubikhi 2007). Four national development 
plans were adopted at this stage, with all of the plans seeking government intervention 
as necessary for improving standards of living and allowing for equality in the 
distribution of wealth and the welfare of citizens. The system of national development 
planning means that there are a variety of problems affecting urban areas, which were 
addressed in the plans. These problems focused on land and housing development, 
social, economic and environmental issues, physical development patterns and the need 
for more labour for the management of development issues. The response to the land 
and housing issues in urban areas drew from a variety of policy angles, including 
construction, provision of grants of serviced lots to citizens and the creation of a real 
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estate fund for the provision of interest-free construction loans.  A variety of ministries, 
government bodies and public entities were also involved in giving to local 
development in different cities. Riyadh benefited from these processes and saw a 
significant level of investment in service provision during this time (Al-Dubikhi 2007). 
Investment by government and the use of development activities in Riyadh has meant 
that the improvement of service provision has contributed to the advancement of the 
city to potential migrants, which has also ensured on-going problems with population 
growth in the city. By the 1970s, Saudi Arabia was in the midst of an economic boom, 
leading to growth in urban areas in cities, especially in Riyadh. A variety of master 
plans were created to assist with future growth, including the 1972 Doxiadis Master 
Plan, the 1981 SCET plan and the 2001 MEDSTAR  (Al-Dubikhi 2007). 
The city plan for Riyadh developed between 1968 and 1972, prior to the economic 
boom, was handled by the Doxiadis Association International, and attempted to both 
control and direct the city’s growth until the year 2000 (Al-Hathloul 2002). 
 
Figure 2.9: The Doxiadis Master Plan 
Source: ADA (2004) 
The Doxiadis Master Plan shown in Figure 2.9 suggested the creation of a compact 
urban area, bordered by a ring road as the final outer edge of development, ensuring the 
ability to grow systematically (in-fill built urban area) along both the north-south and 
east-west corridors. It also recommended the use of grid patterns for newly developed 
areas. The plan was based on a linear city concept that was open-ended and contained a 
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central spine (upgraded later as the King Fahad freeway), and this allowed the city to 
increase its population (Daghistani 1985). On both sides of the spine, the city would 
develop a grid structure directing its growth outwards (Al-Fouzan 1995). The Doxiadis 
company proposed a structure for  Riyadh different from  a linear structure, looking 
towards a type of ‘dynapolis’, using instead grids, and a hierarchy of centres and spines. 
In On Linear Cities, Doxiadis (1968) suggested that the origins of linear cities linked to 
Soriay Mata were actually based on smaller sized areas, using corridor-like expansion 
of cities to connect with cities. Additionally, Doxiadis (1968) suggests that others have 
argued for linear cities when the city maintains a range of functions in parallel with each 
other, and across similar widths in both directions. Within this plan, Riyadh was 
analysed as a car-oriented city with a lack of PT. Despite this, the urgent need for PT 
led the Ministry of Transport in 1977 to appoint Doxiadis Associates International to 
undertake a PT study, at which point there were 78 private cars per 1000 persons (Al-
Dubikhi 2007). 
The Doxiadis Associates International 1977 study suggested that it was important to 
fund 200 buses across 12 routes of between7–25 kilometres, with additional sub-
contracting operations for private operators. This system was suggested for low-income 
areas, and the study provided ideas for the institutional arrangement of the project using 
a single transit authority, the Ministry of Transport. Additional representatives from a 
variety of government organisations would also play a role, and together create the 
transit system policy (Al-Dubikhi 2007). The authority would be in charge of this policy 
for a range of Saudi cities, and also for the supervision of the system operations. Within 
Riyadh, the planning and running of the transit system was recommended to be 
conducted with a single private operator across eight departments and 99 employees, all 
under the daily supervision of the transit authority (Al-Dubikhi 2007). The study 
identified the connection between urban planning and transportation, pointing to the 
need for total cooperation between the MOR, the transit authority, and the transit 
operator; however, it did not identify the need for dialogue with the existing PT 
provided by deregulated private minibuses (across seven routes), taxis and private cars. 
The study predicted that transit modal split, linked to other cities’ experiences, would 
reach 45 per cent by 1980, but decline after that to 25 per cent by 1991 (Al-Mosaind & 
AlGadhi 2002). In reality, Al-Mosained and AlGadhi (2002) study was found to be just 
1.6 per cent by 1989, suggesting that the study was the reason for creating the Saudi 
Arabia Public Transport Company (SAPTCO) in 1979, which was in competition with 
private operators of minibuses. 
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Figure 2.10: The SCET master plan 
Source ADA (2004) 
After this point, urban development leapfrogged in all directions in a disordered pattern. 
By 1976, in order to manage the significant levels of urban growth, another master plan 
was commissioned (ADA 2004), and again in 1981 by the French company SCET 
International (ADA 2004) (see Figure 2.10). These plans were commissioned by the 
Ministry of Municipal and Rural Affairs (MOMRA), and the significant goal of the 
SCET plan was to ‘develop a national capital which will provide a system for all the 
inhabitants of the Kingdom, while meeting the requirements of a rapidly developing 
economy’ (Al-Dubikhi 2007). The SCET master plan was thus a revised and updated 
alternative to the Doxiadis master plan as it adopted many of the criteria outlined in the 
Doxiadis plan, including the use of the ring freeway and the neighbourhood concept 
(two by two kilometres) with a grid arterial pattern. In relation to the use of the self-
containment concept, the SCET plan observed the need for the hierarchy of 
communities and centres previously suggested, and despite the critique offered by the 
SCET of the Doxiadis plan, many of the plan’s criteria continued (ADA 1997). 
 
(1990–2008) Phase 
Riyadh continued to grow by approximately 8 per cent annually. The population was 
estimated to be 2.8 million in 1992, 3.1 million in 1997 and 4.4 million in 2002. It is 
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believed that by 2020 it will grow to 10 million. The city area takes up 1,782 square 
kilometres, consisting of 1,150 square kilometres of the Phase 1 urban boundary and 
682 square kilometres of the Phase 2 urban boundary. The significant development of 
the population combined with this spatial expansion means that service delivery is an 
on-going issue at the planning and development level (Al-Dubikhi 2007). 
By 1992, the city had created a good bus system, with the average headway time of 31 
minutes on weekdays and 17 at weekends provided by the SAPTCO PT company. For 
private companies >this is measured at 5 and 3 minutes respectively (Al-Dubikhi 2007). 
In a study by the ADA (2003) it was found that the largest volume route offered by the 
private buses, such as Route 9 along Olayya Street, had 32 buses operating per hour 
(peak) with only 15 buses per hour in non-peak times. It is noteworthy that private 
operators do not run to a fixed timetable, and are thus unreliable (ADA 2003). In 
addition, SAPTCO is known to be unreliable, with only 58 per cent of scheduled buses 
operating on weekdays, and 77 per cent at weekends. Further, it is estimated that only 
50 per cent run on time (ADA 1997). 
Figure 2.11: The future polycentric structure plan 
Source: ADA (2004) 
In 1996 the ADA started to develop the Metropolitan Development Strategy 
(MEDSTAR), which was finalised in 2001. MEDSTAR has focused on the use of sub-
centres connected with activity spines to the central city. Support for the creation of 
sub-centres was identified in three ways: first, both density and compactness of 
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settlements would assist with decreased rates of car dependency; second, sub-centres 
would assist in the creation of sustainable urban development through self-containment; 
and finally, the sub-centres have the capacity to create developed infrastructure. 
MEDSTAR suggests that each of the sub-centres will operate as a concentrated site of 
employment, provide services and activities for both private and public sectors, and 
offer high-density residential components (Figure 2.11) (ADA 2002). 
Activity spines were formed along major highways in order to connect sub-centres with 
the CBD, and allow the on-going survival of the sub-centres. Based on both traffic 
patterns and distribution in Riyadh, a significant number of internal trips occur within a 
number of sub-municipalities (Al-Dubikhi 2007). Hence, MEDSTAR considered the 
use of a light rail, monorail or bus system that will connect the sub-centres with the 
central metropolitan area of Arriyadh. In this case, the activity spines will be chosen in 
order to support the development of a transit system along the spines. However, this 
important recommendation for the development of a transit system was marginalised 
from the final city structure plan at the culmination of Phase 2 in 1999 (ADA 1999). As 
an alternative, different freeways were suggested for both existing and potential urban 
development (see Figure 2.13). The adoption of both the transit system and sub-centres 
is yet to occur. 
Conceptually, the use of activity spines is problematic, as the use of sub-centres as self-
contained employment will lead to less travel and shorter travel distances. However, the 
suggested locations of the sub-centres are problematic and undermine the use of the 
district centres, as the freeway networks function to support the movement of people 
back and forth between district centres, rather than simply existing within the centre 
boundaries which were initially suggested by MEDSTAR (Al-Dubikhi 2007). 
The 2003 Transit Pilot Study highlighted the usefulness of creating a light rail transit 
(LRT) system for the two main corridors through the city (ADA 2003). The first route is 
Olayya Road, which is 35 kilometres long, and connects the northern and the southern 
parts of the city. This route was suggested by the pilot study as operating as the 
backbone of any potential future intensive transit network. The second route is found on 
King Abdullah Road, which connects the eastern and the western parts of the city over 
13 kilometres. This route is far away from either population or destination densities, and 
is therefore less important than the Olayya corridor. 
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2.7 A Comparison of Riyadh and Melbourne 
The Riyadh and Melbourne metropolitan areas cover more than 3,000 square kilometres 
each. In 2008 Riyadh had a population of 4,882,182, compared to the 3,744,373 in 
Melbourne. In 2008, the population of Riyadh produced approximately 9 million daily 
trips compared to the 10.6 million daily trips in Melbourne. In the same year, the UA of 
Riyadh had an area of 3,180 square kilometres (Figure 2.12a), compared to the 2,006 
square kilometres covered by Melbourne (Figure 2.12b). Riyadh is divided into 29 
municipalities (Figure 2.13a), compared to the 31 municipalities in Melbourne (Figure 
2.13b). The 2008 origin-destination (OD) survey considered 2,166 traffic analysis areas 
(TAZs) in Riyadh (Figure 2.13a), compared to 2,252 TAZs in Melbourne (Figure 
2.13b). 
Figure 2.12: Land use and urban area 
  
(a) Land use and UA in Riyadh (b) Land use and UA in Melbourne 
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Figure 2.13: Municipalities in Riyadh and Melbourne 
 
The key findings below highlight the major implications of the research on land use and 
socioeconomic factors in Riyadh and Melbourne, and the attempts to deepen 
understandings of travel behaviour and the accuracy of the relationship between land 
use and socioeconomic characteristics. The section splits the data at the main zones (e.g. 
CBD, inner and outer areas). However, Riyadh has no this catogery of area, but it has 
been identified the zones based on Melbourne zones size.  
 
2.7.1 Socioeconomic Characteristics 
This section compares the socioeconomic characteristics of Melbourne and Riyadh, 
including age, income, household size and car ownership. Disaggregated data was used 
for both Melbourne and Riyadh at household level from Vista07 Australian Bureau 
Stratistics (ABS 2006) and MOR (2008), respectively.  
 
 Age 
Table 2.1 shows that age is an important variable affecting travel mode. The highest 
percentage for all demographic categories is seen in the outer suburban areas of Riyadh, 
and in Melbourne this is seen in the inner suburban areas. For Riyadh, the highest rate 
of workers as percentage of residents is found in the outer suburban areas, compared to 
 
(a) Riyadh (b) Melbourne 
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Melbourne, where this occurs in the inner urban areas. Most people of working age live 
outside the CBDs of both cities. The cultures of Melbourne and Riyadh are similar in 
this way, as both Saudis and Australians seek special features in their homes, such as 
garages and backyards. Such options are more easily obtained in the suburban areas 
compared to the CBD. Additionally, this age group reflects workers with strong 
employment experience. 
 
Table 2.1: The distribution of age relative to zone 
*MOR (2008) **Vista07 (2007) 
 
Income 
Household income in both cities is shown in Table 2.2. The Riyadh income data were 
converted to Australian dollars based on the 2008 world currency exchange rate. In 
Riyadh, 54.58 per cent of households had an income between $200 and $799 per week, 
compared to 78.43% in Melbourne. However, consideration of the cost of living is 
important here, as this is significantly cheaper in Riyadh than in Melbourne. 
 
Table 2.2: Income per household, expressed as population percentages 
*MOR (2008) **Vista07 (2007) 
 
Household size 
Household size is a critical factor in determining household mobility and car ownership. 
Table 2.3 presents the household size data, showing that 58.59 per cent of Riyadh’s 
Age 
Riyadh* Melbourne** 
1–17 18–34 35–54 55+ 1–17 18–34 35–54 55+ 
CBD 4.3 4.0 3.2 0.4 0.4 1.4 0.6 0.4 
Inner 13.7 11.7 9.5 1.9 15.0 14.2 18.4 16.0 
Outer 19.7 17.0 12.1 2.6 10.1 6.8 10.0 6.8 
Total 37.7 32.6 24.8 4.9 25.4 22.4 29.0 23.2 
Population 4,881,578 3,592,590 
Income (AUD) Riyadh (per cent)* Melbourne (per cent)** 
$1–200 25.28 16.55 
$200–799 54.58 78.43 
>$800 20.14 78.86 
Number of households 775,628 1,283,301 
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households are composed of four members, while only 25.94 per cent of households in 
Melbourne are of this size. The largest category of household size in Melbourne is a 
two-person household, at 21.24 per cent, while 15.19 per cent of households have four 
members in inner and suburban areas. In contrast, the highest number of households 
with four members was 30.26 per cent in the outer suburban areas in Riyadh. These 
numbers suggest the number of workers in the same zones, as shown in Table 2.3. 
The largest average household size in Riyadh has four members, and in Melbourne, two 
members. This can be understood in terms of the cultural and religious influences in 
Saudi Arabia that support the creation of families and reproduction, a clear difference 
between Riyadh and Melbourne. In Melbourne, 31.64 per cent of households have two 
members, arguably due to the influence of the high cost of living. Household size 
affects the amount of travel by children and workers, and therefore contributes to an 
increased impact on travel and traffic congestion. 
     Table 2.3: Distribution of household size by zone 
    *MOR (2008) **Vista07 (2007) 
Car ownership 
Table 2.4 shows that in Melbourne, 36.24 per cent of the population are households 
with two private vehicles, while 52.62 per cent of households in Riyadh have one 
private vehicle. In Riyadh, 22.26 per cent of households with one private vehicle are 
located in the outer suburban areas, while this is 24.18 per cent in Melbourne, with 
Zone 
Riyadh* 
1 member 
(per cent) 
2 members 
(per cent) 
3 members 
(per cent) 
4+ members 
(per cent) 
CBD 1.16 1.79 2.26 6.74 
Inner 4.32 4.69 5.86 21.59 
Outer 9.93 5.56 5.84 30.26 
Total 15.41 12.04 13.96 58.59 
Households 775,628 
 Melbourne** 
CBD 1.26 1.36 0.40 0.28 
Inner 16.93 21.24 10.50 15.19 
Outer 5.31 9.04 5.46 10.47 
Total 23.51 31.64 16.36 25.94 
Households 1,283,301 
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these households being located in the inner suburban areas. These data show that the 
highest rate of private vehicle use is for households in outer suburban areas of Riyadh, 
at 39.98 per cent, and 58.44 per cent in Melbourne, for the inner suburban areas.  There 
is a positive relationship between car ownership, income and worker concentration, 
reflecting the idea proposed by Currie and Senbergs (2007) that low income correlates 
with high car ownership in the middle and outer suburbs. The rate of car ownership is 
different in Riyadh (one car) compared to households in Melbourne (three cars), 
possibly due to the impact of Saudi women not driving. Households with multiple cars 
reflect the impact of household members having different jobs in different locations, so 
that the JTW is made separately by household members. 
        Table 2.4: Distribution of car ownership by zone 
        *ADA (2008) **Vista07 (2007) 
 
2.7.2 Land Use Characteristics 
JTW, as a form of travel behaviour, is affected by urban form. Therefore, urban form is 
critical for improving the JTW and decreasing the choice of the private car mode for it. 
However, there are key differences between Riyadh and Melbourne, which can be 
understood in terms of differences in work, population density and travel. 
 
 
 
Zone 
Riyadh* 
0 cars 
(per cent) 
1 car 
(per cent) 
2 cars 
(per cent) 
3+ cars 
(per cent) 
CBD 2.69 7.51 1.11 0.65 
Inner 4.27 22.85 5.47 3.87 
Outer 11.53 22.26 7.82 9.84 
Total 18.48 52.62 14.40 14.36 
Households 775,628 
 Melbourne** 
CBD 1.15 1.49 0.59 0.11 
Inner 7.06 24.18 23.13 8.57 
Outer 1.67 9.24 12.53 5.91 
Total 9.88 34.91 36.24 14.59 
Households 1,283,301 
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Population density 
Population density is measured by inhabitants per square kilometre, and there is an 
inverse relationship between population density and travel. Lower population densities 
correlate with higher trip lengths, while higher densities relate to lower trip lengths by 
private vehicle. Comparatively, only 0.02 per cent of Saudi Arabians are located in 
areas of less than 1,000 people per square kilometre, compared to 4.8 per cent of 
Melbourne residents, and within Melbourne, there is a higher rate of people who reside 
in areas of less than 3,000 inhabitants per square kilometre (58.5 per cent as compared 
to 49 per cent in Riyadh) (see Table 2.5). Finally, in Riyadh, 17.9 per cent of the 
population live in areas of more than 5,000 people per square kilometre, while this is the 
case for only 9.9 per cent of people in Melbourne. Therefore, the effect of population 
distribution is significant, as the distributions are quite similar. 
 
Table 2.5: Population densities of Riyadh and Melbourne 
*MOR (2008) **Vista07 (2007) 
 
Population growth 
Population growth has been used as a proxy for urban expansion by measuring the 
change in population growth during the period 1996–2006 in Melbourne, and 1996–
2008 in Riyadh (Table 2.6). During the study period, the rate of population growth was 
57.51 per cent in Riyadh compared to 31.69 per cent in Melbourne. However, the 
greatest rate of change was in terms of CBD living, at 187.40 per cent in Riyadh 
compared to 91.35 per cent in Melbourne, and this reflects the concentration of labour 
in the CBD of Riyadh. The cheaper cost of living in the CBD, combined with the lack 
of PT in Riyadh, contributes to the enormous growth seen during the study period. The 
second highest rate of change is 84.84 per cent in the outer suburban areas for Riyadh, 
compared to 27.87 per cent in Melbourne. These figures show the influence of the 
decentralisation of employment, moving from the CBD and inner areas to outer 
suburban areas. 
 
Persons/km2 Riyadh (per cent)* Melbourne (per cent)** 
0–1000 0.02 4.8 
1000–3000 49 58.5 
3000–5000 33 26.7 
>5000 17.92 9.9 
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Table 2.6: Population growth for Riyadh and Melbourne between 1996 and 2008 
  *ADA (1996) **MOR (2008), 1ABS (1996) 2VISTA (2007) 
 
Employment/housing balance 
Since certain types of employment have shifted from the CBD to the outer suburban 
areas, such as manufacturing and retail firms, it is important to assess the balance 
between employment and housing in both Riyadh and Melbourne. 
To do this, the percentages of workers in the CBD, inner and outer suburban areas were 
assessed for both cities. The CBD area in Riyadh has 9.69 per cent of workers, 
compared to 17.60 per cent in Melbourne (Table 2.7). In Riyadh, the inner and outer 
suburban areas have 35.8 per cent and 54.17 per cent of workers respectively, while the 
figures are 61.31 per cent and 21.09 per cent in Melbourne. Furthermore, in Riyadh, the 
percentage of people who work in the area where they live is 4.98 per cent in the CBD, 
as compared to 1.85 per cent in Melbourne. In addition, 24.71 per cent and 13.36 per 
cent of workers are employed in the inner and outer suburbs of Riyadh respectively, in 
contrast to the 13.18 per cent and 21.09 per cent in the corresponding areas in 
Melbourne. In Riyadh, the distribution of workers working outside their home suburb is 
49.95 per cent in the CBD, 25.75 per cent in the inner suburbs and 28.32 per cent in the 
outer suburban areas (Table 2.8). In Melbourne, these figures are 89.49 per cent in the 
CBD, 22.76 per cent in the inner suburbs and 26.94 per cent in the outer suburban areas. 
 
Table 2.7: Distribution of employment, travel mode and PT in Melbourne, as 
percentages 
Zone Workers Car PT Bicycle or walking Other Bus, tram Train 
CBD 
CBD 1.8 0.3 0.5 47.5 1.5 
33 40 
Inner 12.7 5.4 4.9 17.8 3.5 
Outer 3.0 1.8 0.8 1.9 3.1 
Total 17.6 7.5 6.2 33.9 2.3 
 
Zone Riyadh Melbourne** 
1996* 2008** Change 19961 20062 Change 
CBD 202,276 581,333 1.87 39,716 75,995 0.91 
Inner 1,563,865 1,835,409 0.17 2240960 2,380,802 0.06 
Outer 1,336,103 2,469,689 0.84 960615 1,228,298 0.27 
Total 3,102,245 4,886,431 0.57 3241291 3,685,095 0.13 
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Table 2.7: Distribution of employment, travel mode and PT in Melbourne, as 
percentages (Continue) 
Zone Workers Car PT Bicycle or walking Other Bus  tram Train 
Inner 
CBD 1.3 0.7 0.0 6.6 1.5 
17 20 
Inner 46.9 31.3 2.1 6.0 8.3 
Outer 13.2 11.4 0.4 1.1 2.4 
Total 61.3 43.3 2.6 5.7 6.4 
Outer 
CBD 0.1 0.1 0.0 0.8 1.3 
9 10 
Inner 5.5 4.7 0.1 0.5 6.6 
Outer 15.4 11.4 0.2 4.4 0.3 
Total 21.1 16.2 0.3 2.3 3.2 
   VISTA07 
Within Riyadh city, the largest percentage of workers employed outside their home 
suburb is 32 per cent in the CBD, compared to 29.74 per cent in the Melbourne CBD. 
Although the size of the two CBD areas is comparable, the lowest percentage of those 
working outside  their home suburb is in the inner suburban areas of Riyadh, at 25.84 
per cent, compared to 22.16 per cent in Melbourne (Figures 2.14 and 2.15). Finally, the 
largest percentage of workers employed in the outer suburban areas is in Riyadh, at 
28.32 per cent, and 26.94 per cent in Melbourne. 
 
Table 2.8: The distribution of employment, travel mode and PT in Riyadh, as 
percentages 
Zone Workers Car Bus 
CBD 
CBD 5.0 1.82 0.03 
Inner 3.0 1.08 0.18 
Outer 2.0 0.07 0.07 
Total 10.0 2.97 0.29 
Inner 
CBD 3.0 12.54 0.18 
Inner 24.7 46.30 0.57 
Outer 8.2 5.37 0.17 
Total 35.9 64.21 0.91 
Outer 
CBD 2.0 2.96 0.07 
Inner 13.4 13.01 0.16 
Outer 38.8 14.67 0.74 
Total 54.2 30.65 0.97 
   MOR (2008) 
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to travel from the inner suburbs to other urban areas is 12.10 per cent, compared to the 
0.60 per cent who use PT, the 7.7 per cent who travel by bicycle or walk and the 3.9 per 
cent who travel by other modes. In Riyadh, 17.91 per cent of workers use the private 
vehicle mode, compared to the 0.35 per cent who travels by bus. However, in 
Melbourne 4.0 per cent of workers use the private vehicle mode from the outer suburbs 
to other urban suburbs, while 0.1 per cent use PT, 1.30 per cent travel by bicycle or 
walk and 7.90 per cent use other modes, compared to the 15.97 per cent who use private 
vehicles and the 0.33 per cent who travel by bus in Riyadh. Tables 2.7 and 2.8 show that 
the percentage of workers who use the private car mode increase with external trips in 
the CBD, and the inner or outer suburban areas. The percentage of workers who use 
different transport modes decreases with longer trips from the CBD, providing an 
indication that the urban structures of both Melbourne and Riyadh are dispersed, 
affecting the distribution of employment and  leading to increased use of private 
vehicles. In Melbourne, both bus stops and train stations are more frequently distributed 
within the CBD area compared to the inner and outer areas due to the sprawling nature 
of the urban structure. This undermines the use of PT and increases the use of private 
vehicles and trip lengths. Moreover, this distribution of PT services is inefficient, and 
this suggests that there is a need for sub-centres to control urban sprawl by improving 
the PT system in order to reduce private vehicle use. 
 
2.8 Gap of Knowledge  
This literature review has demonstrated that market forces, aided by technological 
developments that enable cheap personal mobility, have exerted strong pressure towards 
a CBD core and suburbs. Companies, and hence jobs, agglomerate in the CBD core and 
push residents to the outer suburban areas. As populations grow, more and more people 
are pushed outwards into low-density residential structures, while jobs remain in multi-
storey structures in the CBD. This has created a host of problems in terms of travel costs 
and congestion, as more people converge in a small area of the CBD core. This has also 
resulted in a disproportionate distribution of accessibility, with people living in the 
outskirts of both cities having poorer access to opportunities than those near the CBD 
coreImprovement in transport infrastructure, particularly PT, can partly solve these 
problems, but the travel speed and coverage of PT limits how effective it can be in 
addressing the travel cost and accessibility problems brought about by a dominant CBD 
core and residential sprawl. 
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While market forces play a key role in how urban structures develop, government 
policies can also be effective. For government policies to be effective, the technical and 
implementation aspects need to be adequate. Focusing on the technical aspects, this 
review has identified two important dimensions in urban structure policies. The first of 
these is residential location policies, while the second is company location policies. 
Based on this literature review, it appears that synergy between the two is necessary to 
achieve effective and efficient urban structures. 
There has been discussion regarding moving towards a polycentric urban structure. 
While most research on the impact of a polycentric urban structure has identified 
potential benefits, there are also indications that it may also be counterproductive. Care 
must therefore be exercised in forging an appropriate set of residential and company 
location policies in order to achieve the most appropriate, if not the best, outcome. 
Melbourne and Riyadh have historically developed as monocentric urban structures. 
There are active policy debates in these two cities on the move towards polycentric 
urban structures. It is therefore important to better understand how polycentric urban 
structures will affect travel costs and accessibility. 
Past research on the impact of polycentric urban structures is useful and indicates the 
benefits available. However, this research has also revealed that there may be negative 
consequences, such as the impact of cross-commuting, which may negate other benefits. 
The benefits of polycentric urban structure policies may therefore be generalised, but 
still need to be examined on a case-to-case basis. Hence, case studies for Melbourne and 
Riyadh will provide further relevant information for the debate on polycentric urban 
structure for planners and policy makers in both cities. An analysis of Melbourne and 
Riyadh will also add to the body of international research on the impact of urban 
structures. 
No analysis of the impact of polycentric urban structures on Riyadh was discovered in 
the course of the literature review for this thesis. For Melbourne, there have been some 
analyses of the impact of AC policies on greenhouse gas emissions (Alford and 
Whiteman 2009), but none to date have dealt explicitly with travel costs and 
accessibility. Further, the analysis in Melbourne has been limited to company location 
policies and has not explicitly examined residential location policies. 
The approach this research takes is to examine the various combinations of residential 
and company locations in an explicit manner. Figure 2.16 illustrates the various 
combinations of residential and company location polices that will be considered, and 
Melbourne and Riyadh will be used as case studies. 
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Figure 2.16: The urban structure and population and employment distribution scenarios 
process 
 
2.9 Conclusion 
Urban structure is one of the important factors that affect the transport. This chapter has 
presented extensive previous studies using different methods and cities. Rapid urban 
growth has resulted from emerging technologies and telecommunications.  These 
influences increase urban growth which in turn causes traffic problems such as 
congestion and increased, trip distances and trip times. 
The developed factors propose a correlation between urban structure and transport. It 
was found that transportation infrastructure expansion population growth. In contrast, 
urban spatial growth and residential area expansion are affected by transportation 
network expansion. Furthermore, population growth appears to cause an increase in 
daily trips, travel demand and, consequently, congestion.  
Riyadh and Melbourne have experienced rapid urban growth, transport infrastructure 
expansion and increased private mode-dependence.  
Various development process and polices have taken different ways in time and have 
not been adequately in tune, contributing to the problems mentioned. A new urban form 
and transport development approach is needed to improve travel costs in Riyadh and 
Melbourne. A polycentric structure is a new approach is adopted on Riyadh and 
Melbourne. The present research will quantify the shift from a monocentric structured 
private transport-oriented city to a polycentric structured public transport-oriented city.  
The next chapter compares the land use–transport interactions in Melbourne and 
Riyadh. The relationships between the urban forms and commuters’ travel patterns are 
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analyzed and compared. This study attempts to identify the land use and socioeconomic 
determinants of travel patterns at zone level 
 
 
2.10 Summary 
This chapter has clarified the inter-relationships between urban structure and transport 
and travel behaviour. The interaction between land use and transport is very complex. 
Previous studies conducted in different cities have found that urban form and 
socioeconomic factors influence travel behaviour. A monocentric structure leads to 
decentralization, which causes increased trip length and time to and from CBDs, 
especially in peak hours, and increased private mode trips. The comparison of   Riyadh 
and Melbourne has explained the rapid population growth and increased low density in 
both cities. It has also shown that private transport dominates compared to PT modes. 
The main contribution of this study is modelling the shift from a monocentric to a 
polycentric structure by applying new approaches. The next chapter will attempt to 
provide insights into the interaction of land use and transport. 
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Chapter 3: Land Use and Transport Interaction 
3.1 Introduction 
Debates around urban form sustainability have grown, and focus on the shape and size 
of cities, their relationships with daily travel patterns and solutions to the challenges of 
urban sprawl and decentralisation. Mees (2010) has determined that the compact city is 
the most useful form for reducing both trip distance and private car use relative to urban 
sprawl, which is the cause of a range of traffic and environmental issues. 
Some researchers point to the need for a compact city form due to the positive impacts 
such as decreased daily travel, car use and trip distance. However, some suggest that 
this form leads to overcrowding, reduced quality of life, and increased traffic congestion 
and pollution (Buchanan et al. 2006). Questions of land use and transport interaction are 
therefore important, and are studied here in relation to both Riyadh and Melbourne. In 
the literature, urban form and its relationship with travel patterns remains a significant 
gap, needing greater exploration. Melbourne has a strong PT system compared to 
Riyadh, which lacks both train and tram modes, yet both cities suffer the same travel 
problems—increased use of private cars and trip distances. The two cities therefore 
provide a strong choice for a comparative analysis. 
This chapter examines the differences in urban form and transport systems between 
Riyadh and Melbourne, and how the interaction process affects travel patterns and the 
JTW. Riyadh and Melbourne are similar in population size—4.8 million for Riyadh in 
2008 (MOR 2008) versus 3.6 million for Melbourne in 2006 (ABS 2006a)—but have 
different sized urban transport networks. 
Interaction between land use and transport is seen in the urban form, and this relates to 
the distribution of land use, including residential, commercial and industrial, influencing 
sites for living, working, shopping and leisure activities. Both large population sizes and 
residential areas are needed to reduce travel requirements (Steiner 1994). Meanwhile, 
low population density leads to increased travel distances to and from the city centre, so 
that employment density becomes an obvious nodal pattern due to employment sprawl. 
Both modal split and travel distance are impacted by density (Breheny 1996), with 
higher population densities being one of the more significant issues related to 
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decreasing travel distance and heightening sustainable modes, apart from car usage 
(Newman & Kenworthy 1989). Although a number of studies have looked at the 
relationship between urban density and travel behaviours, the relationship is hard to 
quantify (Buchanan et al. 2006). Steiner (1994) has pointed to the fact that people in 
high density areas make fewer and shorter trips by car, preferring PT and other modes, 
such as walking and bike riding, with positive implications environmentally. However, 
if such recommendations are ignored, it could lead to an increase in traffic congestion 
that contributes to increased gas emissions (Steiner 1994). The relationship between 
urban density and travel is therefore not always direct, such that neighbourhoods with 
high population densities located close to the city centre or town facilities are 
disproportionately filled with low-income and low car ownership households 
(Kitamura, Mokhtarian & Laidet 1997). In this regard, New Zealand is similar to 
Australia, although with a lower rate of PT use (Buchanan et al. 2006). 
The relationship between housing relocation and travel behaviour remains understudied, 
with research in the United Kingdom (UK) suggesting that there is a relationship 
between residential resettlement and increased travel distances with moving out from 
the CBD (Kitamura et al. 1997). Similarly, in Sydney, researchers have found an 
increase in travel time and a shift in travel mode choices in response to housing 
relocation (Kitamura et al. 1997). 
De Silva and Lightfoot (2010) noted that Melbourne’s residents living in the outer areas 
often travel long distances to work by private vehicle. The two main reasons for this are 
a lack of efficient, financially sustainable and reliable PT, and limited local employment 
opportunities. These authors proposed the containment of employment to designated 
ACs and multi-centre developments to reduce private vehicle usage. Alford and 
Whiteman (2009) found a correlation between urban form and transport energy 
consumption. They discovered that with the provision of PT, higher residential and 
employment density areas consumed less energy than did lower density areas with 
sparse PT. Currie and Senbergs (2007) noted that 23 per cent of households in suburban 
Melbourne areas have little or no access to local activities, and limited access to PT. 
They also noted that, despite their low weekly income, these residents were running two 
or more cars. 
This chapter is organised into four sections. The first section presents the data and 
method, while the second discusses the evolution of urban form and transport in Riyadh 
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and Melbourne. The third section examines how JTW travel behaviour is affected by 
private transport in Riyadh and Melbourne by analysing urban structure and travel, and 
the fourth discusses the outcomes of the analysis, and identifies the specific factors that 
might be affected by travel behaviour. 
3.2 Data and Method  
Figure 3.1 shows the framework of land use and transport interaction. Modal split and 
commuting distance were used as transport performance indicators to investigate the 
interaction between travel behaviour and land use for the JTW. JTW was chosen 
because it is strongly influenced by mode choice and it is easier to undertake by PT due 
to its regularity and adjustment (de Dios Ortúzar & Willumsen 2001). The Riyadh data 
were collected in 2008 and sourced from MOR at the sub-district area level (MOR 
2008). Modal split data for origin (residence) and destination (workplace) were also 
obtained from the MOR for Riyadh. In Riyadh, private transport and buses are the main 
modes of transport used, as there are no tram and train modes. 
The Melbourne modal split and demographic data were obtained from the ABS (2006) 
and sourced at the suburb level. The Melbourne modal split data included private 
transport and PT (bus, tram and train). 
There are 30 local government areas (LGAs) in Melbourne, and approximately 350 
suburbs, as defined by the ABS. Commuting distance variables were calculated using 
straight line distances between the centroids of the OD zones, estimated using MapInfo 
spatial software for both Riyadh and Melbourne. The total area of Melbourne is 
approximately 2,006 square kilometres. Based on this, and the 350 suburbs in 
Melbourne (see Fig 3.2a), the average suburb size in Melbourne is 5.81 square 
kilometres. The total area of Riyadh is 3,180 square kilometres (see Fig 3.2b), based on 
755 sub-districts. The average sub-district size is 4.10 square kilometres (see Table 3.1). 
An attempt to find other comparative geographical boundaries with similar average 
areas for both cities that could also offer relevant data proved futile. 
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Figure 3.1: Structure of study 
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Figure 3.2a: Melbourne’s population density and road network, by zones 
 
Figure 3.3b: Riyadh’s population density and road network, by zones 
67 
 
 
 
Table 3.1: Comparison between areas in Riyadh and Melbourne 
City Area sq. km. Mean Min Max 
Riyadh* 
Block 0.07 0.45 252.98 
Sub-district 4.11 0.04 252.97 
District 21.04 0.01 501.96 
Municipality 176.49 35.25 995.93 
Sector 349.63 0.01 1,416.79 
CCD 1.211418 0 1,135.55 
Melbourne** 
Suburb 5.814613 0.26977 32.1214 
SLA 98.06013 1.92 1,137.48 
LGA 251.4573 19.53 2,464.4 
                    *MOR (2008); **ABS (2006) 
 
The trip distance was calculated using each origin-to-origin place flow multiplied by the 
appropriate distance, and averaged by the total number of trips from origin-to-origin 
place. The JTW area data used the OD matrix for each of the modes examined. This 
matrix provided information on the number of trips made by residents from the origin 
JTW area to a destination JTW area by the mode of travel. 
For the modal split characteristics, the cities were divided into three concentric zones: 
CBD, inner and outer. The CBD zone represents the core of the city, with high and 
dense developments and an extensive transport network. The inner zone represents the 
inner suburbs with mixed land use within 15 kilometres of the city centre. The outer 
zone represents suburban areas with low-density residential developments and sparser 
PT networks. 
The regions in Melbourne and Riyadh were classified into four categories, based on 
socioeconomic index for area (SEIFA) and population density. These four categories 
include areas of high density/high SEIFA (advantage), high density/low SEIFA 
(disadvantage), low density/high SEIFA and low density/low SEIFA. SEIFA is an index 
developed by the ABS that specifies level of education, income, and other 
socioeconomic factors (ABS 2006), and was used as the indicator of socioeconomic 
status for Melbourne zones. No publicly available socioeconomic index is available for 
Riyadh. Therefore, a socioeconomic index was estimated for Riyadh using a similar 
methodology to that used by the ABS to calculate SEIFA in Australia. 
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Two dependent variables (modal split and trip distance) were analysed by stepwise 
multiple linear regression based on independent variables, including population density, 
employment density, family size, car ownership, distance from CBD, socioeconomic 
index and PT coverage. 
Population and employment density were calculated by dividing the number of people 
who live or are employed in each sub-district in Riyadh with those who inhabit suburbs 
in Melbourne. We also found the total number of employed persons by destination. The 
distance from the sub-district centroid point to the CBD, or the suburbs to the CBD, was 
calculated using MapInfo software. These variables provide a good indication of travel 
patterns (Buchanan et al. 2006). Family size was used to identify how many trips each 
household undertook (Giuliano 1999). These were then divided into four categories: 
one, two, three and four members. Car ownership variables were used as indicators to 
measure the weakness of the PT system, and the dispersion of structure was divided into 
no car ownership, one car ownership, two car ownership and three car ownership. 
Income variables were used as a proxy to determine the influence on travel mode, which 
was divided into three categories: low income, medium income and high income. PT 
coverage, which represents the PT coverage as pseudo-public travel node density, was 
calculated as a weighted average of the number of PT stops (i.e., bus stops, tram stops 
and train stations) in each zone. The socioeconomic index used represents the influence 
of socioeconomic index status on travel (ABS 2006b). 
3.3 Evolution of Urban Form in Melbourne and Riyadh 
Table 3.2 compares the socioeconomic characteristics and automobile ownership of 
Riyadh and Melbourne. The table shows that Riyadh grew from a population of 3 
million in 1996 to 4.88 million by 2008, while Melbourne grew from a population of 
3.4 million in 2001 to 3.6 million by 2006. 
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Table 3.2: Socioeconomic characteristics and automobile ownership in Riyadh and 
Melbourne 
**ADA (1996); *ABS (2001); 1 MOR (2008); 2 ABS (2006) 
The population of Riyadh increased by about 63 per cent from 1996 to 2008,  while that 
of  Melbourne  increased by only 6.3 per cent from 2001 to 2006. The percentage 
change per year for the period 1996 to 2008 in Riyadh is approximately 5.2 per cent, 
while that for the period 2001 to 2006 in Melbourne is approximately 1.3 per cent. This 
indicates a much higher growth rate for Riyadh compared to Melbourne for the 
temporal population data that have been analysed. The number of households in Riyadh 
increased by 159.9 per cent between 1996 and 2008. In 2001, the average household 
size in Melbourne was 2.7 persons per household, while in 2006 it decreased to 2.6 
persons per household. In Riyadh, the average household size decreased from 6.9 
persons per household in 1996 to 6.3 persons per household in 2008. The average 
household size in Riyadh is significantly larger than Melbourne, which means that even 
with a similar population, the number of households is significantly less in Riyadh. This 
is because of the structural social differences between the two cities. 
Saudi and Australian households differ in terms of the number of children per 
household and joint family systems. Automobile ownership increased rapidly in Riyadh 
between 1996 and 2008. However, increases in Melbourne vehicle ownership were less 
significant between 2001 and 2006. Table 3.10 shows that in Melbournethis increase 
was 16.8 per cent from 2001 to 2006; while in Riyadh, it increased sharply by 185.9 per 
cent from 1996 to 2008. Riyadh and Melbourne have a very high dependence on private 
transport for mobility, but Melbourne car ownership is higher than that of Riyadh. This 
can be explained by the population division in Riyadh between Saudis, who can afford 
to own a car and form 66 per cent of the total population, and non-Saudis, most of 
Characteristics 
Riyadh 
1996** 
Riyadh 
20081 
Change 
(per 
cent) 
Melbourne 
2001* 
Melbourne 
20062 
Change 
(per 
cent) 
Population 2,991,700 4,881,578 63.17 3,366,542 3,592,590 6.71 
Households 433,598 775,628 159.97 1,196,144 1,283,301 7.29 
Average 
household size 
6.9 6.3 -8.7 2.7 2.6 -3.7 
Vehicles 670,300 1,916,314 185.89 2,127,097 2,486,072 16.88 
Vehicles per 
household 
1.55 1.70 9.68 1.78 1.94 8.99 
Vehicles per 
1,000 persons 
244 393 61.07 632 692 9.49 
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whom are workers who are less able to afford a car and represent 34 per cent of the total 
population. It is also worth mentioning that women are not allowed to drive in Saudi 
Arabia, which leads to less car ownership. This is despite households’ heavily reliance 
on cars in the absence of a PT system. 
Table 3.3: Comparison of trips by mode and trip purpose in Riyadh and Melbourne 
Item 
Riyadh 2008* 
(per cent) 
Melbourne 2006** 
(per cent) 
Travel mode 
Car 92 77.1 
Private/group transport 6 - 
PT 2 7.7 
Walking - 12.5 
Other  - 2.7 
Trip purpose 
Work 44.32 21.5 
Shopping 8.54 20.2 
Social/recreational 10.45 23.5 
School 19.20 6.8 
Business 11.24 7.8 
Other 6.25 20.2 
  *MOR (2008); **ABS (2006) 
Table 3.3 shows the different modes of travel and the distribution of trips by vehicle 
modes in Riyadh and Melbourne. In Riyadh, car use and private/group transport (e.g., 
school buses or company-provided pick-up and drop-off services) constitute 98 per cent 
of transport modes, according to a 2008 survey. PT share is less than 2 per cent, owing 
to the non-availability of PT. In Melbourne, private car use accounts for about 77 per 
cent of total trips in 2006. PT share is less than 8 per cent, which is very low compared 
to the spatial coverage of the PT services. It is worth mentioning that the spatial PT 
coverage may be deceptive because of the information about temporal availability; that 
is, the frequency and the reliability of the PT is not included. Walking trips form about 
12 per cent of all the trips made in Melbourne, which is high, and indicates that some 
activities are located well within walking distance of the anchor points such as homes 
and offices. Differences in socioeconomic and cultural characteristics in the residents of 
Riyadh and Melbourne cause variations in trip patterns and habits. Table 3.11 shows 
that almost 44.3 per cent of all trips in Riyadh are home-based work trips, while the 
share in Melbourne is around 10 per cent. Shopping trips in Melbourne are almost 
double the figure for Riyadh. Social and recreational trips are 30.5 per cent in Riyadh, 
while in Melbourne almost one in four trips is conducted for social or recreational 
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purposes. The share of school trips in Riyadh is almost three times the number of school 
trips in Melbourne. 
3.3.1 Travel Characteristics 
In order to analyse the modal split characteristics, the cities were divided into three 
concentric zones, as mentioned in section 3.2 above. The trip distributions in these 
zones for both Melbourne and Riyadh are shown in Table 3.4. 
Table 3.4: Distribution of journey to work travel (per cent) by urban zone 
                 *MOR(2008); **ABS (2006) 
 
In Melbourne, most car trips originate from the outer suburbs, which have a poor PT 
supply and are heavily dependent on the use of private transport modes. Outer-to-outer 
car trips account for 43 per cent of the total JTW trips in Melbourne, while outer-to-
inner trips account for 10.6 per cent of all the car trips. Inner-to-inner zone JTW trips 
account for around 11.5 per cent of the JTWs. This shows that car use is dependent on 
the origin zone; that is, trips starting in the inner or outer zones mainly involve cars, 
while PT is mainly used for JTW trips ending in the CBD. It can be seen that inner-to-
CBD and outer-to-CBD account for 4 per cent and 3.9 per cent of total JTW trips in 
Melbourne, and account for more than two-thirds of the JTW PT trips in Melbourne. In 
addition, the highest rate of train trips is 2.03 per cent in the inner zones and 0.10 per 
cent in the outer zones. Bus trips are 0.38 per cent in inner and 0.30 per cent in outer 
zones in Melbourne. Riyadh has a similar trip distribution, although the highest 
numbers JTW trips are in the inner-to-inner zones, while outer-to-outer account for the 
second highest share of the JTW trips by car. Riyadh has buses as PT, which have the 
highest rate of JTW trips (1.89 per cent) in inner-to-inner zone trips. Infrequent use of 
OD zones Melbourne** Riyadh* 
Start zone End zone Car Train Tram Bus Car Bus 
CBD 
CBD 0.38 0.17 0.35 0.02 3.01 0.24 
Inner 0.60 0.06 0.12 0.01 4.32 0.79 
Outer 0.30 0.03 0.00 0.00 2.36 0.365 
Inner 
CBD 4.08 2.39 1.42 0.14 4.34 0.79 
Inner 11.59 0.55 0.59 0.16 30.70 1.89 
Outer 6.24 0.13 0.02 0.06 12.03 0.59 
Outer 
CBD 3.93 2.32 0.05 0.17 2.23 0.36 
Inner 10.63 0.49 0.04 0.09 11.59 0.585 
Outer 31.22 0.29 0.01 0.041 19.59 1.215 
Total 68.97 6.43 2.60 1.08 90.31 6.81 
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PT for JTW trips originating or ending in the outer suburbs of Melbourne indicates the 
absence of a reliable PT service. 
3.3.2 Modal Split and Trip Distance 
Tables 3.13 and 3.14 show the difference in modal splits and trip lengths between 
Riyadh and Melbourne, and the travel modes in both cities. As previously mentioned, 
Riyadh has no train or tram system. The percentage of people who travel to work by car 
is 90 per cent in Riyadh and 68 per cent in Melbourne. In addition, the proportions of 
trips are 10.1 per cent by PT in Melbourne and 6.8 per cent by bus in Riyadh. 
When Riyadh and Melbourne are separated into the four urban structure categories 
based on population density and socioeconomic index, greater differences in the 
patterns of change become evident. In Riyadh, car use is higher (94.2 per cent) than the 
overall average (92.12 per cent) in the high density/low socioeconomic index areas. In 
Melbourne, car use is higher (88.8 per cent) than the overall average (82.2 per cent) in 
the low density/low socioeconomic index areas. However, car use is also higher (87.2 
per cent) in the low density/high socioeconomic index areas than  in the low 
socioeconomic index areas. In addition, in Riyadh, car use is higher (93.2per cent) than 
the overall average in low density/high socioeconomic index areas. This supports Currie 
and Senberg’s (2007) theory that low income coincides with high car ownership in 
middle and outer suburbs (see Table 3.5). 
Table 3.5: Travel mode percentages from origin, by density and socioeconomic index 
areas in Riyadh 
Population density Socioeconomic indicator
Riyadh* 
Mode split 
(per cent) 
Trip length (km) 
Car Bus Car Bus 
Low Low 92.2 7.1 10.2 8.6 
Low High 93.2 6.8 7.4 7.1 
High Low 94.4 5.6 8.3 10 
High High 91.3 8.8 6.8 6.6 
Average 92.3 7 8.2 8.1 
 *Based on socioeconomic factors; socioeconomic index has been estimated. *MOR 2008 
In Melbourne, the proportion of trips made by PT (train and tram) is high (19.6 per 
cent) relative to the overall average (12.2 per cent) of the high density/high 
socioeconomic index, and low (7 per cent) in the low density/low socioeconomic areas. 
However, the proportion of bus trips is high (1.50 per cent) in low density/high 
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socioeconomic index areas. The only significant PT usage is in the high density/high 
socioeconomic index suburbs in Melbourne. This is because of the spatial locations of 
these suburbs, as most of the suburbs within this category are located near  the city 
(within 10 kilometres from the CBD, especially to the south and south-east of the 
Melbourne CBD) (Table 3.5). 
Table 3.6: Travel mode percentages from origin, by density and socioeconomic index 
areas in Melbourne 
*ABS 2006 
The average work trip distance in Riyadh is 8.1 kilometres by car and 8.06 kilometres 
by bus. However, the average work trip distance in Melbourne is 12.9 kilometres for car 
trips and 12.5 kilometres for PT (tram and train), while for bus trips the figure is,  9.12 
kilometres (see Table 3.6). This difference is more evident when the average trip 
distance is analysed based on the four categories. In Riyadh, the low density/low 
socioeconomic index areas have the longest average trip distance (10.21 kilometres), 
whereas the high density/high socioeconomic index areas have the shortest trip work 
distance. In Riyadh, low socioeconomic areas/high-population-density suburbs are near 
the city centre. Many of the work sites, especially for construction workers, are located 
close to the city. This results in shorter commute distances in high density/high 
socioeconomic zones. Melbourne had the longest average work trip length (14.4 
kilometres) in the low density/low socioeconomic index areas, and the average work 
trip length (12.9 kilometres) by car is less than the average trip distance (11.4 
kilometres) by train and tram and by bus (9.1 kilometres) (see Table 3.6). This indicates 
that most of the low socioeconomic areas are located in the outer suburbs of both 
Melbourne and Riyadh. In both cities, the low density areas and the distance from PT 
encourage car usage and long trips. This factor is evident in Currie and Sensberg’s 
(2007) study, which revealed that 23 per cent of households in suburban Melbourne had 
Population 
density 
Socioeconomi
c indicator 
Melbourne* 
Mode split (per cent) Trip length (km) 
Car Train Tram Bus Car Train Tram Bus 
Low Low 88.8 6.4 0.6 1.3 14.4 19.8 10.8 9.1 
Low High 87.2 6.2 1.2 1.5 14.2 18.1 6.5 11.2 
High Low 85.5 8.5 1.5 0.7 13.4 15.6 5 8.7 
High High 67.3 11 8.6 1 9.7 10.1 5.5 7.5 
Average 82.2 8.03 2.9 1.1 12.9 15.9 7 9.1 
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little or no access to local activities and limited access to PT. They also noted that, 
despite a low weekly income, these residents were running two or more cars. 
This clearly indicates that trip length and mode share are independent of the 
socioeconomic attributes of the suburbs, but are highly correlated to the population 
density. This in turn is related to the distance from the CBD, with high density, better-
serviced suburbs located close to the CBD, and low population density and below 
average serviced suburbs located far from the CBD. 
3.4 Factors Affecting Modal Split and Commuting Distance 
Differences in travel patterns depend on travel between workplaces and residences, and 
the variations in the transport modes used. The second part of this study examines these 
differences, and analyses the selected variables that are anticipated to affect the JTW. 
Multiple regression analysis was used to find factors that influence travel patterns; that 
is, modal split and average work trip length. Modal split and commuting distance were 
treated as dependent variables, and population density, SEIFA, distance to the CBD, PT 
coverage index, household size and income were treated as independent variables in the 
regression model. By classifying the smaller geographic regions of both Melbourne and 
Riyadh into three larger zones, the CBD, the inner metropolitan areas and the outer 
metropolitan areas, patterns were observed and used to identify the initial independent 
variables for the regression model. 
 Table 3.7: Regression analysis for modal split 
Variables 
PT share Car share 
Sign Coefficient Significance Sign Coefficient Significance
Constant + 14.469 0.000 + 79.4 0.000 
Population 
density 
+ 0.001 0.000 - 0.001 0.011 
PT coverage + 0.045 0.000 - 0.105 0.000 
Distance to 
CBD 
- 0.205 0.000 + 0.312 0.000 
HH3Plus - 0.106 0.000 + 0.125 0.000 
Adjusted R2 0.781 0.664 
 
Independent variables in these models can be categorised into area characteristics, such 
as population density, PT coverage and distance to CBD, and household attributes. In 
this case, only the HH3Plus attribute—the percentage of households with three or more 
members—was found to significantly affect the PT share and car share in the modal 
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split models. Area characteristics, for example, population density and distance to CBD, 
represent the PT coverage as a pseudo-PT node density. This is calculated as a weighted 
average of the number of PT stops (bus stops, tram stops and train stations) in each zone 
(see Table 3.7). Other variables, such as SEIFA and income, were also tested but were 
not found to be significant. 
The results indicate that socioeconomic variables are weak predictors of modal splits in 
Melbourne, and the choice of mode mainly depends on the area characteristics, 
especially for the locations that are represented here by distance from the zone to the 
CBD. Population density and PT coverage impact positively on the PT mode share, and 
negatively on car usage. The same variables have negative signs for car share 
prediction, which is intuitive. Larger households; that is, households with three or more 
members, have a strong positive relationship with car use as a mode of transport for 
commuting, and a negative relationship with PT use. This may explain the impact that 
the number of children in the household has on the commuting modal split, as 
households with children tend to chain the trips by dropping them on the way to the 
office. This requires modal flexibility and hence a positive relationship with car use and 
a negative relationship with PT use. The positive relationship of larger households with 
car use may also allude to location attributes, as larger households tend to prefer to live 
in the suburbs. This is because more living space is available within the same budget 
than a smaller living space near the city. 
 
Table 3. 8: Regression analysis for average commuting distance in Melbourne 
Table 3.8 shows the regression analysis results for the average commuting distance 
using different modes, and shows that the PT average commuting distance is strongly 
affected by the distance to CBD. This indicates that the majority of the people using PT 
to commute are travelling to the CBD. In addition, the PT coverage index also  strongly 
impacts on the average PT commuting distance, although the impact is not as strong as 
Variables 
PT average commuting distance Car average commuting distance
Sign Coefficient Significance Sign Coefficient Significance
Constant - 3.202 0.032 + 6.731 0.000 
PT coverage + 0.01 0.000 - - - 
Distance to CBD + 0.655 0.000 + 0.553 0.000 
HH3Plus + 0.187 0.000 - 0.108 0.000 
High income - - - + 0.255 0.000 
Adjusted R2 0.653 0.783 
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that of distance. In addition, larger households with three or more members are strongly 
related to longer average PT commuting distances. This indicates that larger households 
choose to reside in suburban areas further from their workplaces. The average 
commuting distance using a car is negatively related to the percentage of households 
with three or more members. In addition, the percentage of high-income earners is 
found to positively correlate with the average commuting distance using a car. This 
indicates that high income earners tend to live farther from their workplaces if 
commuting by car. 
A similar analysis was performed using the Riyadh data, but the results were not found 
to be significant. The modal split was obvious, because in the absence of a functioning 
PT system in Riyadh, commuters have no other option but to use private transport. In 
addition, no significant relationship was found between the average commuting 
distance, the area attributes and household attributes, except for the distance to the 
CBD. Distance to the CBD was found to have a strong positive correlation with the 
average commuting distance. 
3.5 Conclusion 
The results presented in this chapter concern the land use and transport interaction in 
Riyadh and Melbourne. Several methods were used to conduct the comparison between 
the two cities in terms of their socioeconomic and transport characteristics. An 
exploration of the relationship between modal split and commuting distance across four 
categories: high/low density and high/low socioeconomic index for JTW data at an 
aggregate level was also undertaken.  
Riyadh and Melbourne are shown to have a similar urban form, as the morphological 
characteristics (e.g., total population, city size and population density) are similar and 
distributed in a similar fashion, with a strong city centre and a sprawling metropolitan 
area as the distance from the centre increases. The only contrast between the two cities 
is that Melbourne has a good spatial coverage of PT, while PT facilities are non-existent 
in Riyadh. 
Melbourne and Riyadh are similar to most other developed cities with a decentralised 
structure and a heavy dependence on cars. In particular, low density produces the 
highest proportion of car trips in Melbourne, and the highest rates of travel to work are 
in low socioeconomic areas in both cities. Suburbs in the high density and high 
socioeconomic category have the highest rate of PT usage in Melbourne. Mode choice 
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for commuters is less affected by the socioeconomic characteristics, and more 
dependent on the population density in the area. This, in turn, is related to the distance 
from the CBD. 
In Riyadh, travel distances increase for people living in high density and low 
socioeconomic areas. However, in Melbourne, the average travel distances are longest 
in the low density and low socioeconomic areas. In Riyadh and Melbourne, the average 
commuting distances are  similar to those observed in the UK of 12.5 kilometres, and 
Christchurch, New Zealand of 11 kilometres (Buchanan et al. 2006; Giuliano 1999). 
However, these distances are less than the average commuting distance in the US, 
which is 16.3 kilometres (Giuliano 1999). 
The highest percentage of the JTW for origin to destination is from inner-to-inner in 
Riyadh, and from outer-to-outer in Melbourne. The second highest percentage is from 
outer-to-outer in Riyadh and from inner-to-inner in Melbourne. Although the highest PT 
usage is for commuting trips from inner and outer suburbs to the CBD, this research 
shows that most people living in the outer and inner suburbs depend on cars. Car and PT 
usage are influenced by urban form rather than by socioeconomic characteristic 
variables. These influences were analysed by multiple linear regression. The trip 
distance from zone to zone was used to measure the modal split and the average of 
commuting distances. 
   3.6 Summary 
Journey to work from zone to zone was used to measure the mode choice and  average 
the commuting distance by using multiple linear regression. 
The results presented in this chapter show the relationship between land use and 
transport. The highest percentage of the JTW for origin and destination is from inner to 
in Riyadh, and from outer-to-outer suburbs in Melbourne, and most people living in the 
outer and inner suburbs depend on the private mode. Furthermore, car and PT usage are 
influenced by urban form rather than socioeconomic variables in Melbourne. However, 
the results of Riyadh’s mode choice and commuting distance were not significant.  
The developed indicators suggest a relationship between land use and transport, and the 
average commuting distances are similar to those observed in the UK of 12.5 
kilometres, and Christchurch, New Zealand of 11 kilometres. 
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In the next chapter, the impact of socioeconomic and land use factors on car ownership 
at household level is modelled to find the reasons for the high levels of car ownership in 
both Riyadh and Melbourne. 
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Chapter 4: The Impact of Socioeconomic and 
Land Use Factors on Car Ownership 
4.1 Introduction 
Urban structure, urban sprawl, and disconnection between local activities and PT 
increase the demand for car ownership, which is a very important determinant of 
individual and household travel behaviour (Bhat & Pulugurta 1998). Consideration of 
socioeconomic and land use factors is also essential to enable urban planners and 
decision-makers to understand how households choose the number of cars to own 
(Bierlaire 2008). 
The impact of car ownership is seen in its influence on trip frequency choice, 
destination choice for non-work and mode choice to work and non-work activity 
destinations, and the capacity for organising chain activities in a tour (Bhat & Pulugurta 
1998). Moreover, the car ownership variable can be applied as a proxy in travel demand 
such as a cross-classification variable in trip generation modes, in order to better 
identify the variances in household trip generation. It is understood as a major 
socioeconomic factor affecting trip distribution and mode choice models, reflective of 
the relationship between increased car ownership and availability and variation in 
destination or mode choice (Chu 2002). 
Most people prefer using a private car, because this gives greater freedom of movement 
at any time and under all weather conditions. The reasons associated with an increase in 
the level of car ownership include socioeconomic and land use factors. These are the 
most important factors affecting travel patterns and the increasing levels of car 
ownership. 
Previously, a range of car ownership models has been applied to assess high levels of 
car ownership by households for various purposes (Chu 2002). The primary modelling 
approach to car ownership is best understood at two levels: the aggregate level, 
including regional, zonal and national, and the disaggregate level, or the household. 
Structurally speaking, the disaggregate level is more important, as it is more effective 
for the collection of data on the causal correlation between car ownership determinants 
and car ownership levels than aggregate level analyses (Bhat and Pulugurta 1998). 
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Disaggregate models explain the probability of households owning zero, one or more 
cars. For maximum utility a household selects one of alternative specifications (zero, 
one, two, three or more). Chu (2002) stated that individual traveller’s decisions on 
travel at the household level should be taken into account at the decision-making level 
for car ownership because household activities (e.g., work, shopping) affect household 
decisions on car ownership.  
Disaggregate analysis has become the preferred approach for car ownership modelling, 
including multinomial logit (MNL) (Potoglou & Kanaroglou 2008), the ordered 
response mechanism and the unordered response mechanism (Giuliano 1999). 
To date, few studies have examined the effect of car ownership on travel behaviour in 
Riyadh and Melbourne, which both have high levels of car ownership and dominance. 
Currie and Senbergs (2007) found that 23 per cent of households in suburban 
Melbourne have little or no access to local activities, and limited access to PT. They 
also noted that, despite their low weekly income, residents were running two or more 
cars. In the Saudi Arabian context, Koushki (1988) found that the higher car ownership 
rate may be the result of several factors: high household income, inexpensive cars, tax-
free gasoline and the absence of PT coverage around the city. 
In this chapter, the aim is to model car ownership using the MNL model in a 
comparison of Riyadh, Saudi Arabia, and Melbourne, Australia. The main contribution 
of this study is to find the reasons for the high levels of car ownership in two different 
cities: Riyadh, in a developing country with limited PT, and Melbourne, in a developed 
country with good PT. The remainder of this chapter is organised as follows: Section 
4.2 provides the data and methods, including the model structure, data collection and 
definition. Section 4.3 shows the results of the estimated models, and Section 4.4 
concludes the findings of study. Section 4.5 presents a summary of the findings. 
4.2 Data and Methods 
Discrete choice models are used to reflect the choices made by travellers from the 
number of alternatives that establish the choice set response to availability. This 
methodology was used to identify and estimate the MNL model for car ownership 
(Figure 4.1). This section is divided into two parts, with the first presenting the model 
structure, and the second describing the data definition and choice of explanatory 
variables. 
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Recently, the MNL model has been applied to car ownership modelling (Chu 2002). 
This model allows for the exploitation of the depth of household information that is 
available at a disaggregate level, while still ensuring compatibility with utility 
maximisation. Household decisions to own cars are associated with the value of utility 
of choice among alternatives that have maximum utility (Bhat and Pulugurta 1998). 
4.2.1 Model Structure 
The form of the utility function is: 
                                                    ܷ݆݅ ൌ ܸ݆݅ ൅ ߝ݆݅                                                          (4.1) 
Where: 
Uij is the utility of individual j for alternative i. 
Vij is the deterministic part of the utility of the alternative i for individual j. 
ij is the random component of the utility of the alternative i for individual j. 
                                                     ܸ݆݅ ൌ ݂ሺܤ݆ܺ݅ሻ                                                       (4.2) 
Where: 
B is a vector to be estimated from data. 
Xij is the attributes of an alternative j and the socioeconomic characteristics of the 
decision maker i. 
Equation 4.2 assumes that the exogenous variables in the car ownership model correlate 
with household attributes. An advantage of the MNL model is that it allows for the 
effect of exogenous variables, such as income, to be negative for the utility of zero car 
ownership, and positive for the ownership of one and two cars. 
The distribution function of an independently and identically distributed (IID) error 
term ( ij), with a Gumbel distribution was assumed to identify the MNL model. Based 
on this assumption, the probability of a household choosing car ownership level J (Bhat 
and Pulugurta 1998) is as follows: 
                               ݆ܲ݅ ൌ ࢋ࡮ࡶࢄ࢏∑ ࢋ࡮ࡶࢄ࢏ࡶࡶస૙                                                                    (4.3) 
     
Null log-likelihood is the log-likelihood function of the observed sample for an MNL 
model where all B vectors equal zero. The log-likelihood function is given as:	 
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                              ߲଴ ൌ ∑ ܹ݊	ܫ݊௡ ଵ஺௡                                                              (4.4)  
     
(Bierlaire (2008.) 
Where: 
n is the number of samples, n (1,2,3…..n). 
W is the weight of sample (n). 
A is the number of alternatives associated with individual n. 
The high values of rho-square  and adjusted  determine the performance of the 
model; when the value of is closer to 1 it reflects a better fit of the model. To measure 
the strength and accuracy of fit, can be tested as follows: 
                                                       	
                                             ߩଶ ൌ 1 െ డ∗డబ                                                                    (4.5) 
 
(Bierlaire 2008). 
Where the adjusted is expressed by:           	
                                           	ߩଶ ൌ 1 െ డ∗ି௞డబ                                                                   (4.6) 
Where: 
߲∗ is the log-likelihood for the final values of the parameters. 
߲଴ is the log-likelihood for the initial values of the parameters. 
K is the number of parameters estimated in the model. 
The explanatory variables used in the model were based on the data availability. The 
variables were determined based on the socioeconomic attributes of households, 
demographic characteristics and land use and urban form (see Table 4.1). The Riyadh 
data were collected in 2008 and sourced from the MOR at the individual, household and 
JTW levels (MOR 2008). Socioeconomic and land use data were also obtained from the 
MOR for Riyadh. The Melbourne household and demographic and JTW data were 
obtained from VISTA07 (Victorian Integrated Survey of Travel and Activity [VISTA] 
2007). However, the land use data were obtained from the ABS (2006). 
Socioeconomic and demographic attributes 
Table 4.1 shows the socioeconomic and demographic characteristics. Household 
components were divided into household type (single, couple with no children, couple 
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with children, and single-parent families), and household income (low income, medium 
income, and high income). Household type variables were used because families with 
children are different to families with no children, and family size is the primary factor 
affecting people’s decisions to use a transport mode (Chu 2002). In addition, in Riyadh 
and Melbourne, activity areas such as sport, entertainment and school may not connect 
with home locations by PT. Household size (number of members) was used to identify 
the correlation between car ownership and the number of cars owned corresponding to 
the number of household members. Income variables differ between Riyadh and 
Melbourne, but the Saudi Riyal was converted into Australian dollars (2012) using 
parity exchange rates. Low income was expected to affect household decisions on car 
ownership and number of trips made. In addition to the topology, the individual and 
personal data used includes age, nationality and type of car license. Nationality was 
used for Riyadh to explain the effect of being a Saudi national or a non-Saudi national 
on household decisions to own a car, because non-Saudi nationals are labourers who 
represent 30 per cent of the population (MOR 2008). The car license variable was 
categorised into four types in Melbourne (full licence, probationary licence, learners’ 
permit, and no car licence). We considered learners’ permits and probationary licences 
as full car licences and no car licence. The employment variable was determined by 
full-time work, part-time work and casual work. The age variable identified the age of a 
person as, for example, greater than 18 years of age. 
 Table 4.1: Definition of the explanatory variables 
Variables Type Definition 
Car-0 Alternative-1 Household has no car 
Car-1 Alternative-2 Household has one car 
Car-2 Alternative-3 Household has two cars 
Car-3+ Alternative-4 Household has three or more cars 
House type: Separate Binary 1 if house type is separate; 0 otherwise 
House type: House Binary 1 if house type is house; 0 otherwise 
House type: 
Townhouse 
Binary 1 if house type is townhouse; 0 otherwise 
House type: Apartment  Binary 1 if house type is apartment; 0 otherwise 
No. of full-time 
workers 
Binary 
1 if the individual who made the work trip is working 
full-time; 0 otherwise 
No. of part-time 
workers 
Binary 
1 if the individual who made the work trip is working 
part-time; 0 otherwise 
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Table 4.1: Definition of the explanatory variables (Continue) 
Variables Type Definition 
No. of casual workers Binary 
1 if the individual who made the work trip is a casual 
worker; 0 otherwise 
Driver’s licence Binary 
1 if the individual who made the work trip has a 
driver’s licence; 0 otherwise 
Household size: Single Binary 1 if the household size is one person; 0 otherwise 
Household size: 
Couple with no 
children 
Binary 
1 if the household is a couple with no children; 0 
otherwise 
Household size: 
Couple with children 
Binary 
1 if the household is a couple with children; 0 
otherwise 
Household size: One 
parent 
Binary 1 if the household is a one-parent family; 0 otherwise 
Household members Continuous number of household members 
No. of Saudis Binary 1 if the household is Saudi; 0 otherwise 
No of non-Saudis Binary 1 if the household is non-Saudi; 0 otherwise 
Low income Binary 1 if the household income is high; 0 otherwise 
Medium income Binary 1 if the household income is medium; 0 otherwise 
High income Binary 1 if the household income is low; 0 otherwise 
Mixed density index 
(MDI) 
Continuous  Defined in Eq.4.7 
CBD Binary 1 if the household is located in the CBD; 0 otherwise 
Non-CBD (NCBD) Binary 
1 if the household is located out of the CBD; 0 
otherwise 
Distance Continuous the distance from origin zone to destination zone 
Number of individuals 
working at a distance 
>6 km 
Binary 
1 if household workers work at distances greater than 
6 km from the location of their home; 0 otherwise 
 
Land use attributes 
Table 4.1 shows the land use characteristics. The household type variable was divided 
into traditional, villa, floor villa, apartment and other in Riyadh. However, in Melbourne 
the household type was divided into separate, house, townhouse and other. In both 
cities, the names of the house types are different but they are quite similar in terms of 
position. Home type is very important because houses with a garage or free parking 
increase the probability of a household’s decision to own a car, compared to the kind of 
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accommodation available in high-rise buildings, where households are less likely to 
own a car. 
To explore the relationship between urban form and car ownership, we used two 
methods. The first was developed by Potoglou and Kanaroglou (2008) and Kim and 
Kim (2004), and is the density of employment and population divided by area in square 
kilometres. The second was developed by Potoglou and Kanaroglou (2008) and Chu 
2002, which is as follows: 
                                            ܯܦܫ݅ ൌ ሺ୉ୈ୧ൈ୔ୈ୧ሻሺ୉ୈ୧ା୔ୈ୧ሻ                                       (4.7) 
    
Where:  
Edi is employment density and PDi is population density. 
The MDI variable explains self-containment, which provides a short distance and 
decreases the likelihood of household car ownership, because workplaces and homes 
are close together. The distance variable was divided into two parts: first, the distance 
between the OD centroid using MapInfo software, and second, the distance variable was 
used to measure the proximity of the home location to the work location. In Riyadh, this 
distance was calculated based on the OD in TAZs, while in Melbourne it was measured 
in suburbs because Melbourne has no TAZs. The mean, minimum and maximum were 
calculated for all categories of the areas for both Riyadh and Melbourne to select 
compatible areas, which were the TAZ areas for Riyadh and the suburbs for Melbourne. 
The two cities were divided into large zones, which were categorised as the CBD, inner 
and outer areas (see Figures 4.1a and b). Households in the CBD are less likely to own a 
car, while households living in the outer areas are more likely to own more than one car. 
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Figure 4.1: Structure of car ownership logic model 
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Figure 4.2a: Melbourne’s car ownership density and road network, by zone 
 
Figure 4.3b: Riyadh’s car ownership density and road network, by zone 
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4.3 Model Estimation Results 
Maximum likelihood was used to estimate the parameters of the closed-form GEV. This 
method was applied to maximise the log-likelihood function. All estimations were 
performed using BIOGEME software version 18 (Bierlaire 2008). 
The MNL model was estimated for car ownership. The utility specifications of four 
alternatives (zero, one, two, and three or more cars) were estimated to obtain the best 
possible utility function, explaining the maximum variance in the data. 
The model uses the personal, household and population, employment density index 
(MDI) for both Riyadh and Melbourne. Table 4.2 shows the final results of the 
estimated MNL model with t-statistics shown in brackets. All parameters are significant 
at levels greater than 95 per cent. 
We identified a full set of alternative specific constants (ASCs) for one, two, and four 
alternative options. All ASCs were statistically significant. In Riyadh, a positive ASC 
for car ownership indicates households owning more than one car. It also indicates that 
there is insufficient alternative transport, such as PT. However, in Melbourne, the ASCs 
are positive, except for ASC4, which had a negative sign. These indicate that 
Melbourne households are expected to own one or two cars, with a lesser expectation to 
own more than two cars. Also, Melbourne’s households have different transport mode 
options, such as PT. In Riyadh, one parameter, Saudi and non-Saudi, was considered, 
because most non-Saudis do not own a car. The ASC of this parameter was not 
expected to own a car; however, a positive Saudi variable with ASCs 2 and 3 indicates 
that Saudi nationals are expected to own one or more than two cars. 
In Melbourne, a positive apartment variable with ASC1 indicates that those households 
living in apartments may not own a car, because this type of accommodation exists in 
and around the CBD area. In Riyadh, villa vs. house and separate house was a positive 
sign with ASC4, which indicates households living in villas may own more than three 
cars. 
In Melbourne, casual work is a negative sign with ASC2, which means that casual 
workers are less likely to own a car due to their potential income constraints. 
In relation to the car licence variable, the number of households with driving licences is 
positively affected and statistically significant. In both Riyadh and Melbourne, the ASC 
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of the car license parameter explains that it affects household utility, which is higher 
when owning more than one car. 
Household size variables were used with different types of households, such as single 
people, couples with no children, couples with children and single-parent households 
for both Riyadh and Melbourne, but these variables were not significant in Riyadh 
compared to Melbourne. A single person with no children with ASC1 is positively 
affected by household utility, and is not expected to own a car. The persons variable 
(the total members for each household) was used due to the number of cars being 
controlled by the number of household members. However, in Riyadh, the persons 
variable is not significant. In Melbourne, the persons variable is positive with ASC4. 
Their effect on household utility is that the families are expected to own more than two 
cars. 
Household income variables were used because this is an important variable associated 
with owning a car. It was divided into three categories (low, medium and high), and the 
Riyal was converted into Australian dollars (2012) using parity exchange rates. In 
Riyadh, medium income has a positive effect on household decisions to own more than 
two cars, and low income has a positive sign with ASC1. However, in Melbourne, high 
income has a positive effect on household decisions to own two and more than three 
cars. The high and medium income variables indicate that households may buy 
expensive cars and more than one car. Bento et al. (2005) stated that high household 
income is associated with buying an expensive car, rather than a larger number of cars. 
MDI was used to test the density of employment and residence within an area. MDI 
means that the probability of a household to own one or more cars decreases. In Riyadh, 
MDI was not used because it had a weak positive effect on household decisions to own 
a car, and they had less expectation of owning a car. In Melbourne, the MDI variable 
also had a positive effect on household decisions to own a car. CBD was used to 
examine the importance of residents living close to their work and activities, which is 
expected for non-car ownership. Riyadh and Melbourne have high indication that non-
car ownership with people who lives close to CBD, however, in Melbourne, had a 
positive sign to own one car 
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Table 4.2: MNL estimated parameters of household car ownership 
Coefficients 
Riyadh Melbourne 
0 1 2 3+ 0 1 2 3+ 
ASC - 
3.05 
(33.96) 
1.27 
(11.34) 
0.297 
(2.23) 
- 
1.54 
(9.00) 
0.637 
(3.20) 
-1.69 
(-10.41) 
Separate - - - - - - - - 
House - - 
1.71 
(23.29) 
2.53 
(28.98) 
- - - - 
Townhouse - - 
0.910 
(9.92) 
0.606 
(4.61) 
- - - - 
Apartment - - - - 
0.445 
(3.99) 
- - - 
No. of full-time 
workers 
- - - - - - - - 
No. of casual 
workers 
- - - - - 
-0.355 
(-2.77) 
- - 
Driver’s licence - - - 
0.229 
(3.16) 
- 
0.555 
(3.56) 
1.01 
(5.60) 
- 
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Table 4.2: MNL estimated parameters of household car ownership (Continue) 
Coefficients Riyadh Melbourne 
 0 1 2 3+ 0 1 2 3+ 
Household size - - - - - - - - 
Single - - - - 
1.01 
(9.12) 
- - - 
Couple with no 
children 
- - - - - - - - 
One-parent family  - - - - - - - - 
Household 
members 
- - - - - - - 
0.541 
(16.58) 
Saudi - - 
0.176 
(2.31) 
0.404 
(4.80) 
- - - - 
Non-Saudi 
(NSaudi) 
0.905 
(7.35) 
0.323 
(3.93) 
- - - - - 
- 
 
 
Low income 
1.51 
(14.71) 
- - - - 
0.357 
(2.66) 
- - 
Medium income - 
0.326 
(5.85) 
- - - - - - 
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Table 4.2: MNL estimated parameters of household car ownership (Continue) 
Coefficients Riyadh Melbourne 
 0 1 2 3+ 0 1 2 3+ 
High income - - - - - - 
 
1.41 
(13.73) 
Land use factors - - - - - - - - 
MDI - - - - 
0.062 
(2.94) 
- - - 
CBD 
0.719 
(6.20) 
- - - 
0.727 
(2.19) 
0.683 
(3.17) 
- - 
(NCBD) - - - - - - - - 
Distance - - - - - - - - 
Distance >6 km - - - - - - - - 
No. of observations 8,084 5,753 
No. of parameters 15 15 
Null log-likelihood -11,206.804 -7,975.351 
Final log-likelihood -7,435.699 -6,540.517 
 
0.337 0.180 
Adjusted bar 0.335 0.178 
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4.4 Conclusion 
This chapter has investigated the influence of land use and socioeconomic factors on 
travel behaviour in Riyadh and Melbourne. An MNL model was the main method used 
to model car ownership. To estimate the MNL model, the data were based on the 
disaggregated (household level) and aggregated level findings from the MOR (2008) for 
Riyadh and VISTA07 (2007) for Melbourne. The results of the MNL model allow us to 
identify the effect of socioeconomic and land use parameters on household decisions to 
own zero, one, two or three or more cars. The results of this analysis are compatible 
with the current literature. A distance of more than six kilometres between the location 
of the home and the workplace do not influence a household’s decisions to own cars. 
The CBD variable has strong a positive effect on household decisions to walk or travel 
by bicycle rather than own a car. In Melbourne, the disconnection between work or 
activity location and home increases the probability of households owning a car. 
Melbourne and Riyadh are similar to most other developed cities, with a heavy 
dependence on cars and a decentralised structure. In particular, low density produces the 
highest proportion of car trips. High and medium income has a positive effect on 
household decisions to own more than three cars in both cities. This result is compatible 
with those of Chu (2002), Potoglou and Kanaroglou (2008) and Li et al. (2010), who 
found that income and the number of licenced drivers increased the likelihood of a 
household to own cars. 
The MNL model can readily be used to identify the effect of socioeconomic and land 
use characteristics on the utility of household decisions on car ownership. In Riyadh and 
Melbourne, the CBD variable was the highest indicator for non-ownership of cars 
because of the balance between land use developments. Urban sprawl is the main factor 
that affects household decisions to own more than two cars in Riyadh and one car in 
Melbourne. Non-motorised modes of travel and mass transit use should be promoted (Li 
et al. 2010). 
4.5 Summary 
The outcomes of this study provide useful implications for Riyadh and Melbourne, 
representing developing and developed countries. Both cities have shifted from 
monocentric areas with high population and employment densities to sprawling areas 
with low population densities and scattered employment. A polycentric structure with a 
good PT system and high employment and population density can be obtained using a 
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sustainable urban plan (self-containment), as this reduces car ownership and encourages 
sustainable transport (public transport )and walking and bicycling. 
The next chapter models mode choice using the estimated multinomial logit and nested 
logic models. Riyadh and Melbourne are the two cities used as case studies. Aggregated 
land use data and disaggregated individual, household and journey-to-work data are 
used to determine the effects of land use and socioeconomic factors on household 
decisions to select modes of car, bus, tram and train travel.  
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Chapter 5: Modelling the Influence of 
Socioeconomic and Land Use Factors on 
Transport Mode Choice 
5.1 Introduction 
Urban structure is a framework of housing, employment and developments (e.g., 
hospitals, education centres and leisure facilities) that, combined with socioeconomic 
factors, influences and shapes travel patterns. Therefore, varying urban structures in 
cities such as Riyadh and Melbourne can be anticipated (e.g., low density, high density, 
urban sprawl and availability of PT), resulting in differing travel patterns. 
Newman and Kenworthy (1989) suggested that density correlates with traffic problems, 
while others argue that land use factors are less important than socioeconomic 
conditions, with factors such as income significantly affecting travel patterns (Gordon 
& Richardson, 1997). The increased suburbanisation of the labour force, combined with 
the relationship between housing and jobs located in suburban areas, has decreased the 
distance of trips (Gordon, Kumar & Richardson 1989). 
Therefore, it is important to acknowledge and assess the relationship between land use 
and socioeconomic factors in order to improve traffic problems. The socioeconomic 
make-up of the traveller, along with the distribution of land use, will significantly affect 
the mode choice for both short- and long-distance trips (Limtanakool, Dijst & 
Schwanen 2006). This is reflected in Melbourne, where the employment in the middle 
and outer suburbs is dispersed, leading to issues for Melbourne’s planning goals (Mees 
2010). In Riyadh, increased car use and the subsequent decrease in the quality of life 
has had little effect, reflecting the distribution of land use, which necessitates people 
using private cars (Al-Mosaind 1998). 
Melbourne and Riyadh are exposed to an increased use of the private mode of travel for 
daily travel, even though Melbourne has significant PT facilities. Many developing 
countries have such facilities, but still maintain a high level of private mode use, and 
Melbourne reflects a standard situation around the developed world. Moreover, 
Melbourne’s motorisation pathways are comparable to those found in the UK and the 
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US. In Riyadh and Melbourne, the average trip lengths are similar to those in the UK, 
US and New Zealand (Limtanakool, Dijst & Schwanen 2006). 
Riyadh needs to develop its PT to decrease private transport mode use, long travel 
distances and greenhouse gas emissions. The present study uses a comparative method 
to analyse Melbourne, a city in a developed country, and Riyadh, a city in a developing 
country, since both cities have comparable urban forms and populations. However, 
there are significant differences in their transport systems, as Melbourne has well- 
developed PT options, while Riyadh has limited PT that mostly comprises buses. 
Despite the differences, private transport mode use has increased in both cities; thus, 
this study aims to improve knowledge of the relationship between private mode use and 
socioeconomic and urban form in affecting mode choice. 
As the aggregate level becomes increasingly clear, academic attention has turned to 
issues such as the socioeconomic and urban form characteristics of cities such as 
Melbourne and Riyadh. The main focus of this study is to determine how mode choice 
differs between different zones and between different social groups. 
To address private mode use, scholars have recently identified the use of density as a 
proxy to support moves away from private mode use. Urban form is therefore measured 
in four ways: density and mixed use, location (job/housing balance), accessibility and 
neighbourhood design. 
Higher densities and mixed land use can assist residents to increase their number of 
activities in a single trip made on foot (Reilly & Landis 2002). Zhang (2004) observed 
that population and employment densities are positively associated with the use of both 
transit and non-motorised modes because population and employment densities function 
as parameters that can improve quality and total travel time. 
Mixed land use positively affects access to activities and lowers trip distances, such that 
density alone cannot fix the issue of private mode use. Therefore, distance, density and 
accessibility operate as proxies to promote sustainable transport by decreasing the 
length of private mode trips. A study in Toronto, Canada, identified that the distance to 
the CBD was significant in terms of the differences in daily private mode trip lengths, 
and that this was more important than density (Li et al., 2010). Thus, accessibility is the 
closest option for accessing PT stops, stations and PT supply (Cervero 1998). 
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The usefulness of urban design in an empirical sense will be determined by questions of 
safety regarding travelling on foot, the pedestrian environment, street design and city 
shape (Cervero 1998). The methods used to deliver sustainable transport options, such 
as walking and bicycling, at the neighbourhood level can also lead to a reduction in the 
use and ownership of private mode options (Cervero 1998). 
The literature on land use in disaggregate mode choice modelling ignores the place of 
socioeconomic factors, as the data are often captured after controlling for this dynamic 
(Cervero 1998). Stead and Marshall (2001) suggested that the inclusion of 
socioeconomic factors is vital, as they are more influential than land use characteristics 
in mode choice. This was disputed by Chen and McKnight (2007), who suggested that 
their effect is comparable. A variety of research has shown that income and car 
ownership variables can function as determinants of transport and mode choice 
(Giuliano & Dargay 2006), with Kunert and Lipps (2005) highlighting the place of 
socioeconomic variables in industrial areas where the majority of households own cars. 
In these situations, demographic factors such as age, gender, household size and 
composition of household and life cycle may be more important determinants of mode 
choice, especially in developed countries (Neuburger 1971). 
This chapter is organised into five sections. The first section presents the outline of this 
research, while second explores data and method. Section 5.3 shows how the JTW 
travel mode is affected by private transport in Riyadh and Melbourne in relation to 
social groups and urban structure. Section 5.4 provides the outcomes of the analysis and 
identifies the factors that can be affected by travel behaviour, and Section 5.5 
summarises the findings of this study. 
5.2 Data and Method  
The present research applies a model of discrete choice modelling techniques in order to 
identify individual choices of the various mode alternatives (Bhat & Pulugurta 1998). In 
discrete choice models, the probability of choosing one of the alternative options can be 
compared to the variance between its estimated utility and the estimated utility of other 
alternatives. As a result, utility is understood to be a linear function that includes 
parameters that reflect aspects of the modes, including travel time, cost and frequency, 
as well as decision-maker factors (e.g., income, car ownership, age and land use), 
whereby the decision is made based on population and employment density, and mixed 
 98 
 
land use. Utilising maximum likelihood methods allows for the creation of estimated 
utility function coefficients (Bhat & Pulugurta 1998). 
The MNL model is a simple form that suggests that random error terms are both 
identically and independently distributed, which is important when examining IID 
random errors. It also allows for the supposition of equal preference among alternatives, 
such as the use of MNL and the introduction of service improvements to an existing 
mode, which then leads to a reduction in the probability of other existing modes that 
correspond to probabilities before changing. The IID can be used in both flexible and 
complex model forms as a way of minimising this issue.  
The nested logit (NL) mode is also applied in this research, as it assists in relaxing the 
independence assumption, therefore creating various degrees of similarity between 
subclasses (nests) of alternatives (Figure (5.1). 
5.2.1 General Model Structure 
The form of utility function is expressed as follows: 
ܷ݆݅ ൌ ܸ݆݅ ൅ ߝ݆݅                                                         (5.1)  
Where Uij is the utility of individual j for alternative i, Vij is the deterministic part of 
the utility of the alternative i for individual j, and є ij is the random component of the 
utility of the alternative i for individual j. 
ܸ݆݅ ൌ ݂ሺܤ݆ܺ݅ሻ                                                           (5.2)  
Where B is a vector to be estimated from data and Xij is the attributes of an alternative j 
and the socioeconomic characteristics of the decision maker i. 
Equation 5.2 assumes that the exogenous variables in the car ownership model correlate 
with household characteristics, and one benefit of the MNL model is that it allows for 
the effect of exogenous variables such as income to be negative for the utility of zero 
car ownership and positive for the ownership of one and two cars. 
The distribution function of an IID error term (є ij) with a Gumbel distribution was 
assumed to identify the MNL model and determine the probability of a household 
choosing car ownership level J, as shown below: 
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                                                    ݆ܲ݅ ൌ ௘ಳ಻೉೔∑ ௘ಳ಻೉೔಻಻సబ                                                     (5.3)                      
                          Figure 5.1: Structure of mode choice model 
 
5.2.2 Choice Definition 
The alternative modes of transport are discussed here, with particular reference to the 
nature of each city. For example, Riyadh lacks both tram and train modes, but 
Melbourne has four alternatives; car, train, tram and bus. A concise summary of the 
choices and availabilities across both cities are presented in Table 5-1. 
                  Table 5.1: Choice of alternatives in the data 
Mode Riyadh Melbourne 
Car 12,097 4,274 
Train - 969 
Tram - 220 
Bus 865 116 
Total 12,960 9,579 
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5.2.3 Model Structure 
In this study, car, bus, tram and train alternatives are used to apply the MNL and NL 
logit models due to the availability of data on Riyadh and Melbourne. However, other 
modes such bicycling and walking are not used because of the limited, data especially 
for Riyadh. 
 In order to identify the optimum fitting and explanatory model, a range of theories that 
explore relationship structures will be examined. First of all the MNL logit model will 
be analysed, based on the assumption that there is no relationship between any of the 
alternatives. This is presented in Figure 5.1. Moreover, Melbourne’s representation of 
the NL model is shown, while this is not done for Riyadh, as it has no PT apart from 
buses. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2: MNL relationship form and relevant covariance matrix for (a) Riyadh and 
(b) Melbourne 
The nesting structure organised into two nests is shown in Figure (5.2) where two 
alternatives are bundled together to form a separate nest, for example train and car, and 
the other two alternatives form a single nest, in this instance bus and tram. The 
corresponding covariance matrix for this form is also represented in Figure (5.2). 
 
 
 
 
 
 
Figure 5.3: Nest logit (a) (two nests) relationship form and relevant covariance matrix 
 Car Bus 
Car x  
Bus  x 
 Car Train Tram Bus 
Car x    
Train  x   
Tram   x  
Bus    x 
 Car Train Tram Bus 
Car x x   
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Tram  x x 
Bus  x x Bus Car Train Tram
Bus Car Train Tram
(b) Bus Car 
(a) 
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Figure 5.4: Nest logit (b) (two nests) relationship form and relevant covariance matrix 
 
Figure 5.4 highlights the NL model structure, showing that grouping of two nests 
creates the NL. In this instance, car mode is a separate nest, while the alternatives of 
train, tram and bus are bundled together to create another single nest. The covariance 
matrix aligns with this structure, highlighting that the alternatives train, tram and bus are 
correlated together, while car is not. 
Figure 5.5 reflects a nested structure where the alternatives are assigned to the three 
nests, with car positioned in a separate nest, train positioned in a separate nest, and the 
combined tram and bus modes grouped in another nest. The covariance matrix 
corresponding to this structure is shown in Figure 5.4. 
 
 
 
 
 
 
 
 
 
Figure 5.5: Nest logit (three nests) relationship form and relevant covariance matrix 
 
Table 5.2 shows the explanation of the variables used in this study. These have been 
explained in detail in Chapter 4.   
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Table 5.2: Definition of the explanatory variables 
Variables Type Definition 
Car Alternative-1 Car Mode 
Bus Alternative-2 Bus mode 
Tram Alternative-3 Tram mode 
Train Alternative-4 Train mode 
Age 18–34  Continuous  
1 if commuter’s age is between 18 and 34, 
otherwise 0 
Age3 5–54 Continuous  
1 if commuter’s age is between 35 and 54, 
otherwise 0 
Age 55+ Continuous  1 if commuter’s age is between >55, otherwise 0 
House type: Separate Binary 1 if house type is separate; 0 otherwise 
House type: House Binary 1 if house type is house; 0 otherwise 
House type: 
Townhouse 
Binary 1 if house type is townhouse; 0 otherwise 
House type: 
Apartment  
Binary 1 if house type is apartment; 0 otherwise 
No. of full-time 
workers 
Binary 
1 if the individual who made the work trip is 
working full-time; 0 otherwise 
No. of part-time 
workers 
Binary 
1 if the individual who made the work trip is 
working part-time; 0 otherwise 
No. of casual 
workers 
Binary 
1 if the individual who made the work trip is a 
casual worker; 0 otherwise 
Driver’s licence Binary 
1 if the individual who made the work trip has a 
driver’s licence; 0 otherwise 
Household size: 
Single 
Binary 
1 if the household size is one person; 0 
otherwise 
Household size: 
Couple with no 
children 
Binary 
1 if the household is a couple with no children; 0 
otherwise 
Household size: 
Couple with children 
Binary 
1 if the household is a couple with children; 0 
otherwise 
Household size: One 
parent 
Binary 
1 if the household is a one-parent family; 0 
otherwise 
Household members Continuous Number of household members 
No. of Saudis Binary 1 if the household is Saudi; 0 otherwise 
No. of non-Saudis Binary 1 if the household is non-Saudi; 0 otherwise 
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Table 5.2: Definition of the explanatory variables (Continue) 
Variables Type Definition 
Low income Binary 1 if the household income is high; 0 otherwise 
Medium income Binary 
1 if the household income is medium; 0 
otherwise 
High income Binary 1 if the household income is low; 0 otherwise 
Mixed density index 
(MDI) 
Continuous  Defined in Eq.5-3 
CBD Binary 
1 if the household is located in the CBD; 0 
otherwise 
Non-CBD (NCBD) Binary 
1 if the household is located out of the CBD; 0 
otherwise 
PTCoverage Continuous 
Coefficient representing the effect of density of 
PT stops and stations on mode choice  
Distance Continuous Distance from origin zone to destination zone 
Number of 
individuals working 
at a distance >6 km 
Binary 
1 if household workers work at distances greater 
than 6 km from the location of their home; 0 
otherwise 
 
Two methods were used to explore the relationship between urban form and car 
ownership. The first was developed by Potoglou and Kanaroglou (2008) and Currie and 
Senbergs (2007), and concerns the density of employment and population divided by 
the area in square kilometres. The second method was developed by Potoglou and 
Kanaroglou (2008) and Chu (2002), and is shown as follows: 
ܯܦܫ݅ ൌ ሺா஽ூൈ௉஽ூሻሺா஽ூା௉஽ூሻ                                                  (5.3)  
 
Where EDi is employment density and PDi is population density. 
The MDI variable explains self-containment, which provides a short distance and 
decreases the likelihood of household car ownership because work and home are close 
together. The distance variable was divided into two parts: first, the distance between 
the OD centroid point using MapInfo software; second, the distance variable was used 
to measure the proximity of the home location to the work location. In Riyadh and 
Melbourne, this distance was calculated based on the OD in TAZs. Riyadh and 
Melbourne were divided into large zones, which were categorised as the CBD, inner 
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and outer areas. Households living in the CBD are less likely to own a car, while 
households living in the outer areas are more likely to own more than one car. 
5.3 Model Estimation Result 
The closed form generalized extreme value (GEV) parameters were estimated using the 
maximum log-likelihood function. The data for Riyadh were based on MOR (2008) 
data, and for Melbourne the VISTA07 (2007) data throughout this research, and the 
BIOGEME software was applied to create the estimated model (Bierlaire 2008). 
 The MNL Model 
One of the benefits of using the MNL model is that it allows for service improvements 
to already functioning modes by decreasing the likelihood of other existing modes in 
terms of changes. However, the limitations of this approach are that there is an assumed 
equivalence between the different alternatives. The data applied in this model were 
based on the personal and land use criteria of each user, per household, with the 
ultimate results from the MNL model (with t-statistic presented in brackets) being 
shown in Table 5.3. The parameters were identified at levels greater than 95 per cent. 
The full range of ASCs was for both car and bus options for Riyadh compared to car, 
train, tram and bus for Melbourne. Within Riyadh, the car alternative is fixed, but the 
ASC for bus is negative. This suggests that the bus mode is less expected to be used. In 
Melbourne all ASCs are negative, but that for car is fixed, which suggests that there is 
less expectation of the use of PT modes. 
In Riyadh, both Saudi and non-Saudi are identified because most non-Saudis do not 
utilise the car mode alternative. The positive Saudi variable for the car alternative shows 
that Saudi nationals can be expected to use the car mode more than the bus, due to the 
limitations of the bus mode. In addition, the strongest variable that influences the 
maximum likelihood to use the bus mode is being male. This suggests that males will 
more generally use cars than females, as females travel in cars with drivers. However, 
these variables are not significant in Melbourne. 
In both Riyadh and Melbourne, the age variables were divided into three groups: 18–34 
years, 35–54 years and older than 55 years. The age variable 18–34 is negative with car 
mode in both cities, suggesting that this age group is less expected to use car modes 
compared to other age groups. The positive outcome for the 35–54 year variable with 
the bus mode suggests that this group correlates with an increased likelihood of using 
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the bus mode. With respect to the car licence variable, the variable is positive and 
significant. In Riyadh, with respect to the car mode, the driving license variable 
increases the use of the car mode compared to the bus mode. 
The household size variable was organised into different types of households: singles, 
couples without children, couples with children, and single-parent households. These 
variables were measured across both cities, but are not statistically significant in 
Riyadh. The single variable with train mode is important as these commuters use the 
train more than other modes, due to the concentration of single people living in the 
CBD and surrounding areas. Household income variables were used as they are 
important in terms of car ownership and use. Therefore the income variable was 
organised into low, middle and high income per week. In Riyadh, the income variable 
was measured in Saudi riyals and in Melbourne it was measured in Australian dollars. 
The Riyal was then converted to Australian dollars using the parity exchange rate (PER 
2012). In both Riyadh and Melbourne, the middle income variable has a positive and 
significant effect on the bus mode, as the majority of employees come from the middle 
and lower income ranges. Prevedouros and Schofer (1992) have suggested that high 
income households correlate with car ownership, and in Melbourne low income 
variables have a strong positive sign with the bus mode. This suggests that the low 
income commuters have low expectations of car ownership and use, and higher 
expectation of the use of the bus mode. 
MDI was conducted in order to assess the density of employment and residence within 
an area. The MDI results suggest that the likelihood of household ownership of cars and 
their use decreases with density. In both cities, the MDI variable has a small effect on 
mode choice, and it was therefore ignored. Both cities were divided into three large 
zones: the CBD, the inner suburbs and the outer suburbs. The inner suburbs are those 
with land use zoning around the CBD, while the outer suburbs are further from the CBD 
and closer to the countryside. This index was used to explore the significance of 
residents’ proximity to facilities and activities. In Riyadh, these variables do not explain 
the impact on people’s decisions about travel modes, because of the significance of car 
dependence. In Melbourne, the inner suburbs have a negative sign with car mode, 
reflecting that there are well-developed PT modes throughout this range of suburbs. 
Both the CBD and inner suburbs have a strong relationship with the tram mode, and this 
suggests that people living in the CBD, or close to it, use the tram mode more than other 
modes. Finally, the train mode has a negative relationship with the outer suburb areas, 
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and there is less expectation to use the train in the outer suburbs because of the impact 
of urban structure and urban sprawl on mode choice. 
    Table 5.3: MNL estimated parameters of mode choice 
Coefficients 
Riyadh Melbourne 
Car Bus Car Train Tram Bus 
ASC - 
-7.65 
(-10.2) 
- 
-4.53 
(-34.25) 
-5.94 
(-14.80) 
-5.79 
(-23.99) 
Age 18–34 
-2.44 
(-11.05) 
- 
-0.557 
(-8.22) 
- - - 
Age 35–54 - 
2.47 
(11.89) 
- - - - 
Age 55+ - - - 
-0.247 
(-2.17) 
- - 
Separate - - 
0.384 
(5.04) 
- - - 
House - - -  - - 
Townhouse 
1.17 
(4.50) 
- 
0.36 
(4.4) 
- - - 
Apartment - - -  - - 
No. of full-time 
workers 
- - - - - - 
No. of casual 
workers 
- - -  - - 
No. of part-time 
workers 
- - -  
-0.559 
(-2.32) 
0.655 
(2.96) 
Driver’s licence 
3.15 
(31.56) 
- - - - - 
Household size - - - - - - 
Single - - - 
0.616 
(4.57) 
- - 
Couple with no 
children 
- - - - 
-0.42 
(-2.46) 
- 
One-parent family - - - - - 
0.771 
(2.35) 
Household 
members 
- - - - - - 
Saudi 
2.47 
(14.23) 
- - - - - 
Non-Saudi 
(NSaudi) 
- - -  - - 
Male - 
5.04 
(7.09) 
- - - - 
Female - - - - - - 
Low income - - - -  
1.01 
(2.44) 
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    Table 5.3: MNL estimated parameters of mode choice (Continue) 
 
 
 The NL Model 
The limitations of the MNL model are based on the assumption of equal competition 
between all alternatives. In order to reduce the impact of this limitation, the IID was 
generalised in order to create a more comprehensive and fluid model. These were 
created using the NL model, which accommodates a variety of differences in the extent 
of similarity across different structures of nests and access model alternatives. To 
decrease the impact of such relationships, diverse NL structures (as shown in Figures 
5.2, 5.3 and 5.4) were approximated using the same data. The significant variables 
across all three nested models were measured at significance levels of more than 95 per 
cent. 
 
Coefficients 
Riyadh Melbourne 
Car Bus Car Train Tram Bus 
Medium income - 
0.278 
(1.93) 
- - - - 
High income 
0.516 
(3.32) 
- - - -  
Land use factors  
MDI - - - - - - 
PTCoverage - - 
-0.02 
(-5.88) 
- 
0.036 
(6.06) 
- 
CBD zone - - - 
0.903 
(1.9) 
2.08 
(3.53) 
- 
Inner zone 
0.701 
(4.24) 
- 
-0.58 
(-2.41) 
0.685 
(2.75) 
2.03 
(4.39) 
- 
Outer zone - 
-0.558 
(-4.61) 
- - - 
-0.752 
(-1.98) 
Distance - - - 
0.024 
(13.18) 
-0.114 
(-8.48) 
- 
Distance >6 km - 
0.346 
(0.088) 
-1.17 
(-11.22) 
- - - 
No. of observations 12,965 9,579 
No. of parameters 12 24 
Null log-likelihood -8,986.653 -13,279.314 
Final log-likelihood -1,815.451 -4,008.873 
ߩଶ 0.798 0.698 
Adjusted ߩଶ bar 0.797 0.696 
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    Table 5.4: NL estimated parameters of mode choice 
Coefficients 
Melbourne 
2 Nest NL mode(a) 2 Nest NL model (b) 3 Nest NL model 
Car Train Tram Bus Car Train Tram Bus Car Train Tram Bus 
ASC - 
-5.70 
(-29.29) 
-6.12 
(-12.13) 
-4.54 
(-13.23) 
- 
-3.83 
(-9.66) 
-5.59 
(-11.41) 
-4.19 
(-18.6) 
- 
-3.94 
(-7.23) 
-5.38 
(-8.48) 
-3.91 
(-9.00) 
Age 18–34 
-0.549 
(-8.64) 
- - - 
-0.565 
(-5.3) 
-0.244 
(-2.03) 
- - 
-0.35 
(4.06) 
- 
0.244 
(2.06) 
- 
Age 35–54 - - - - - - - - - - - - 
Age 55+ - 
-0.224 
(-2.01) 
- - - - - - - 
-0.166 
(-2.07) 
- - 
Separate 
0.223 
(3.40) 
- - - 
0251 
(4.38) 
 - - 
0.164 
(3.16) 
- - - 
House - - - - - - - - - - - - 
Townhouse - - - - 
0.231 
(3.86) 
- - - - - - - 
Apartment - - - - - - - - - - - - 
No. of full-time workers - - - - - - - - - - - - 
No. of casual workers - - - - - - - - - - - - 
No. of part-time workers - - 
-0.495 
(-2.41) 
0.578 
(3.09) 
- - 
-0.497 
(-2.41) 
0.628 
(3.21) 
- -  
0.444 
(2.74) 
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Table 5.4: NL estimated parameters of mode choice (Continue) 
Coefficients 
Melbourne 
2 Nest NL mode(a) 2 Nest NL model (b) 3 Nest NL model 
Car Train Tram Bus Car Train Tram Bus Car Train Tram Bus 
Driver’s licence - - - - - - - - - - - - 
Household size - - - - - - - - - - - - 
Single - 
0.671 
(5.03) 
- - - 
0466 
(4.44) 
- - - 
0.452 
(4.11) 
- - 
Couple with no children - - 
-0.398 
(-2.69) 
 - - 
-0.319 
(-2.14) 
- - - 
-0.358 
(-2.66) 
- 
One-parent family - - - 
0.629 
(2.29) 
- - - 
0.682 
(2.4) 
- - - 
0.587 
(2.37) 
Household members - - - - - - - - - - - - 
Saudi - - - - - - - - - - - - 
Non-Saudi (NSaudi) - - - - - - - -  - - - 
Male - - - - - - - - - - - - 
Female - - - - - - - - - - - - 
Low income - - - 
0.780 
(2.27) 
- - - 
0.809 
(2.35) 
- - - 
0.695 
(2.22) 
Medium income - - - - - - - - - - - - 
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Table 5.4: NL estimated parameters of mode choice (Continue) 
 
 
 
 
Coefficients 
Melbourne 
2 Nest NL mode(a) 2 Nest NL model (b) 3 Nest NL model 
Car Train Tram Bus Car Train Tram Bus Car Train Tram Bus 
High income - - - - - - - - - - - - 
MDI - - - - - - - - - - - - 
PTCoverage 
-0.016 
(-4.46) 
- 
0.0287 
(4.86) 
- - - 
0.0458 
(10.11) 
- 
-0.016 
(-3.27) 
- 
0.0282 
(5.55) 
- 
CBD zone - 
2.74 
(5.02) 
3.12 
(5.97) 
- - 
1.77 
(7.62) 
2.54 
(4.85) 
- - 
1.7 
(6.37) 
-1.69 
(-4.06) 
- 
Inner zone - 
2.51 
(14.23) 
3.46 
(8.74) 
- - 
1.89 
(4.00) 
3.03 
(7.20) 
- - 
1.7 
(6.74) 
2.92 
(6.85) 
- 
Outer zone 
-1.72 
(-9.69) 
- - 
-2.45 
(-7.13) 
-1.28 
(-7.28) 
- - 
-2.32(-
6.02) 
-1.16 
(-5.91) 
- - 
-1.69 
(-4.09) 
Distance - 
0.0269 
(13.81) 
-0.1 
(-7.86) 
- - 
0.0181 
(8.38) 
-0.103 
(-8.4) 
- - 
0.0178 
(6.3) 
-0.0854
(-6.56) 
- 
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Table 5.4: NL estimated parameters of mode choice (Continue) 
 
 
Coefficients 
Melbourne 
2 Nest NL mode(a) 2 Nest NL model (b) 3 Nest NL model 
Car Train Tram Bus Car Train Tram Bus Car Train Tram Bus 
Distance more than 6 km 
-0.96 
(-9.19) 
- - - 
-0.739 
(-7.83) 
- - - 
-0.75 
(-6.37) 
- -  
µu 1.28(10.00) 1.56(9.19) 1.48(7.45) 
No. of observations 9,579 9,579 9,579 
No. of parameters 24 24 24 
Null log-likelihood -13,279.314 -13,279.314 -13,279.314 
Final log-likelihood -3,961.362 -3,955.915 -3,961.433 
ߩଶ 0.702 0.702 0.702 
Adjusted ߩଶbar 0.700 0.700 0.700 
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Table 5.4 shows the results of the three NL models, and the results suggest that all three 
nesting structures are significant. The value of the PTCoverage variable in two nests (b) 
is higher than the MNL model, and across all nests the value is lower. The low-income 
variable in tram mode value is higher than that in the MNL model, and again has a 
lower value across all nest structures. 
5.4 Conclusion 
The results of this research have been gathered from a complex comparative study of 
mode choice. The two case studies focused on Riyadh, Saudi Arabia, and Melbourne, 
Australia, due to the similarities and differences in urban form and travel behaviours 
across land use, transport and socioeconomic criteria in these cities. The dataset utilised 
to create the analysis for Melbourne was based on the Census Bureau and Transport 
Survey Organization (VISTA07 2007), while for Riyadh, the MOR (2008) dataset was 
used. 
It was found that a distance greater than six kilometres from the workplace to the home 
impacts on household decisions to use cars or PT. In Melbourne, the CBD and inner 
suburban area variables were identified as having a positive effect on decisions made by 
commuters to use PT instead of their cars. In both Riyadh and Melbourne, a decreased 
distance between work and home locations also corresponds to a decreased capacity of 
households to use PT in outer suburban areas. 
High levels of income have a positive effect on decisions made by commuters to use the 
car mode. However, the middle-income variable also has a strong impact on commuter 
decisions to use bus mode. In Melbourne, the low-income variable correlates positively 
with commuter decisions to use the bus, but this variable is not significant with the 
high- and medium-income variables. 
In both Melbourne and Riyadh, comparable to other developed cities with strong car 
dependence and decentralised structure, there are problems with low-density suburban 
areas creating the largest percentage of car trips. This has been identified by a range of 
authors, including Chu (2002), Potoglou and Kanaroglou (2008) and Li et al. (2010). 
These studies have found that, as the income and number of licensed drivers variables 
grow, the preference for households to own cars also increases. 
In Melbourne, the CBD variable is the strongest indicator of non-ownership of cars, due 
to the balance between land use developments. Urban sprawl is the single most 
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important issue that shapes commuters’ decisions about car mode use compared to PT 
modes. Non-car modes and mass transit use therefore need greater support and 
development in order to create greater use (Stead & Marshall 2001). 
Unsurprisingly, the Melbourne NL models perform better than MNL, as seen in Figure 
5.4 which shows that the three assumed nesting structures have two nests (car, and PT 
modes of train, tram and bus). Although this arrangement of nesting structures performs 
the best, alternative nesting structures are significant, pointing to the potential for a 
variety of options to belong to more than one nest. 
5.5 Summary 
The study has a range of outcomes that could be useful for recommendations and 
practical application in both Melbourne and Riyadh, as representatives of cities in 
developed and developing countries. Both cities have moved from being organised as 
monocentric areas with high population and employment densities, to urban sprawl- 
oriented cities with low population densities and scattered employment.  
It is recommended that a polycentric structure (compact form) that draws from a strong 
PT system and high employment and population density would be beneficial. This could 
be achieved through the use of greater levels of sustainable urban planning, such as self-
containment, and would potentially lead to decreased car dependence, while 
simultaneously encouraging sustainable transport alternatives such as public transport, 
walking and cycling. 
The next chapter models the impact of the shift from a monocentric private car- oriented 
city to a polycentric public transport-oriented city. It examines the interaction of land 
use and travel.  A model is developed and calibrated for Melbourne and Riyadh 
conditions and used for scenario analysis. This model includes two parts: a spatial model 
and a transport model.  
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Chapter 6: Modelling the Shift from 
Monocentric Structure to Polycentric Structure 
6.1 Introduction 
Since the end of World War II, economic growth and advancement in transport 
technologies have resulted in rapid urbanisation. This rapid urbanisation has promoted 
the shift from compact monocentric cities to urban sprawl, which has caused traffic 
congestion problems, longer trip distances, increased trip times and traffic accidents 
(Weisbrod, Vary & Treyz 2003). 
Many researchers have suggested that monocentric urban structures fail to optimise 
existing transport network utilisation. CBD workers arrive at similar times each day, 
generating an inward commuting flow from the outer suburbs during morning peak 
hours and an outward commuting flow during evening peak hours (Burke, Dodson & 
Gleeson 2010). Decentralisation of employment can be made possible by re-
organisation of the suburban structure, by shifting from a single core city centre to 
multiple suburban ACs (e.g., employment, shopping and recreation) located at the 
periphery of the city. 
These suburban ACs become strong alternatives to the CBD, potentially combining the 
advantage of sprawl locations (low density, lower land price and less traffic congestion) 
with the advantages of sub-centre locations (economy, urbanisation, personal 
interaction) that are connected by a good transport system (Anas, Arnott & Small 1998; 
McMillen & McDonald 1998). 
In Australia, there is much interest in encouraging a change in urban structure because it 
delivers significant transport improvements, particularly for PT. All major cities in 
Australia have developed spatial plans that encourage transit-oriented development 
(TOD) and in-fill development (so-called ‘urban consolidation’) (Burke, Dodson & 
Gleeson 2010). 
These transport and land use policies look to bring residences closer to PT and to key 
AC, in an attempt to improve PT share and to respond to concerns about traffic 
congestion (Cervero 2004). However, there are other approaches to the mix of activity, 
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transport and land use, and interest in employment decentralisation has been encouraged 
in Melbourne and Riyadh by future master plans until 2030. 
In conjunction with changes to urban structure, PT has been proposed as a key solution 
that can decrease congestion and trip length, and urban form (population and 
employment distribution) is recognised as a useful way to reduce trip length. Some 
cities, such as Riyadh, have limited PT services so far. However, Riyadh is also 
proposing to restructure to a polycentric city. It is therefore useful to examine the 
significance of a PT system for polycentric structure urban policy. 
Riyadh and Melbourne have been selected as case studies. Riyadh and Melbourne are 
similar in urban form and population number, yet different in transport systems. The 
private mode is predominantly used in Riyadh and Melbourne. However, Melbourne 
has a good PT system, while Riyadh is constrained by the limited scale of its PT 
network. 
The objective of this chapter is to quantify the impact of polycentric urban structure 
policy in Melbourne and Riyadh, as well as the significance of PT in supporting the 
polycentric urban structure. This chapter organised into seven sections. The first section 
displayed the outline of study. The second section shows the data and method. The 
section three explores trip generation model for both Riyadh and Melbourne. The 
section four shows the trip distribution model. The section five displays modal split. 
Section six concludes the findings of study and section seven displays a summary of the 
outcomes of study. 
6.2 Actvity based modelling 
The activity based modelling of travel demand was started on the seminal work and 
undertaken by(Chapin, 1974) . The activity based modelling explained travel as derived 
demand from the needs to follow the type of activity distributed in space (Axhausen and 
Gärling, 1992). Time-geography theory has been done by (Hägerstraand, 1970) which 
stated that individuals’ activities were limited by a number of special individual and 
social restrictions. The author also highlighted that individuals live in a time-space 
prism in which they may only function in different locations at different points by 
suffering the time and cost of travel and by considering the restrictions such as coupling 
constraints, authority constraints. Hence, the theory supposed that person travels to 
certain destinations, at certain times of day and by certain travel modes caused by the 
demand activity participation. On other hand, Chapin’s theory highlighted that the 
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activity demand was driven by basic people desires, (i.e. for survival, social encounters 
and personality satisfaction). Moreover, this theory has been modified by some more 
factors such as commitments, capabilities and health. To summarise activity based 
modelling there are five main features. Firstly, Travel was originated from activity 
involvement. Secondly, activity based modelling approach focused on priority or 
categories of patterns of activities. Thirdly, personality’s activity might be organised 
and executed at household level. Moreover, activities spread during all days’ time in a 
continuous method, rather than simple classification of peak and off-peak events. 
Finally, the choice of travel and location constrained by time and space and by 
individual’s restrictions.  In this research, trip based approach considered the trip chain 
indirect way (e.g. non-home based trip).  
6.3 Data and Methods 
One of the major tasks in this study was to collect the data used to develop a land 
use/transport model. Data collection was divided into two groups; land use and 
demographic information, and transport data. In Riyadh, the demographic and 
population data was collected by the MOR in 2008; however, the land use data was 
collected by the ADA in 2002. 
In Melbourne, the demographic and population data was collected by the DOT of 
Victoria in 2008, however, the land use data was collected by the Local Municipalities 
Councils (LMC 2009). 
The explanatory variables applied to the model are based on data availability. The 
variables were formed in relation to the socioeconomic characteristics of households, 
demographic data, land use and urban form. The data for Riyadh was sourced from the 
2008 survey dataset, created by the MOR, and for Melbourne the data was sourced from 
the DOT, Melbourne, Victoria. The data was within the city’s TAZs, with Riyadh 
featuring 2,166 of these, and Melbourne having 2,253 TAZs. 
Riyadh’s trip data was obtained from the 2008 MOR report, while for Melbourne it was 
sourced from the 2008 DOT data. The data focused on trip purposes, including home-
based work (HBW); home-based education (HBE), including primary, secondary and 
high school; home-based recreation (HBR); home-based shopping (HBS); home-based 
other (HBO) and non-home-based (NHB). 
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The OD trip data for Riyadh was also sourced from MOR (2008) and for Melbourne 
was similarly sourced from DOT (2008). Trip data is available for the morning peak 
period (2 hour) in Riyadh; this period was measured across 2 hours in Melbourne, and 
the OD trip matrix was organised by car, PT and walking modes. Trip distance was 
calculated as the shortest distance between two centroid points, which were sourced by 
the MOR and DOT in 2008 in Riyadh and Melbourne, respectively. 
At present, Riyadh has no tram and train service but it has been designed for these to be 
operative in the future. PT data was collected from the MOR (2008). The data for 
walking trip distances were extracted from Koushki’s (1988) study and used to predict 
the walk trip mode share in Riyadh. 
Socioeconomic data for Melbourne was applied at the TAZ level, and used an 
independent variable for the models in this study, and the socioeconomic variables 
included the number of employed residents, the number of households, age group (0–
17, 18–64, 65+), the number of jobs and the number of students. 
Finally, land use data was also applied as independent variable, with independent 
variables organised into two categories. First, socioeconomic variables and land use 
variables were broken into building gross floor area (GFA), and second, the number of 
buildings and activities in each zone was measured. The GFA for Riyadh was sourced 
from the ADA, and for Melbourne was sourced from the LMC (2009). The number of 
buildings and activities in each zone measured the amount of retail, shopping areas and 
universities, with the last measure providing strong analysis for trip attraction in 
Riyadh. Land use data for Melbourne was not readily available for this study and was 
not used. 
Land Use Transport Interaction Modelling 
This section describes the land use and transport models used in the analysis. 
 
 Land use model 
The land use model is a spatial model based on several input variables, such as 
population, employment, housing and businesses. The interaction of spatial settlement is 
created by the attractiveness of the spatial cells. The interaction between the spatial 
model and the transport network can be calculated by the accessibility indices, which 
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describe the accessibility of different regions in the city, in turn representing access to 
employment, shopping and recreational facilities. GIS was used for this purpose. 
 
Transport model 
A four-step transport model that models trip generation, distribution, choice of transport 
mode and traffic assignment was used to model transport network performance (Figure 
6-1), TransCad Software was used for this purpose. 
The first module is trip generation, which makes use of land use and socioeconomic 
data, such as demographic and population data, to determine the number of trips 
produced by, and attracted to, traffic zones. The second module is trip distribution, 
which determines the OD of trips that have been estimated in the first module. The third 
module, model split, organises the trip into different modes of transport (i.e., private 
mode, train and tram, bus, cycling and walking). The fourth module is traffic 
assignment, which allocates trips to different modes in the transportation network (de 
Dios Ortúzar & Willumsen 2001). This study did not involve traffic assignment due to 
limitations in resources and data. Base year travel time and cost estimates were assumed 
in this study. 
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Figure 6.1 : Land use and transport model interaction process 
 
Model calibration and validation 
The model calibration process refers to an estimate of the model parameters to fit the 
model results to a set of observed data, while the validation process refers to an 
evaluation of the results of the model outputs using the calibrated model parameters 
compared to the observed outcomes. In this study, part of the land use transport datasets 
were used for calibration and the remainder for validation. 
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6.4 Trip Generation Model 
The first step in travel demand modelling is trip generation. By the type of data 
available (i.e., traffic analysis area (TAZ)), it can be undertaken this step. 
Socioeconomic and land use factors are used to estimate how many trips will be 
produced and attracted to and from each zone (Bates 2000; de Dios Ortuzar & 
Willumsen 2001). The numbers of trips generated and attracted to and from each zone 
are taken as symmetrical, meaning that the total trips attracted should equal the total 
trips produced (Bates 2000). 
Data description 
The explanatory variables applied to the model were based on data availability. The 
variables were formed in relation to the socioeconomic characteristics of households, 
demographic data, land use and urban form. The data for Riyadh were sourced from the 
2008 survey dataset, created by the MOR, and for Melbourne the data was sourced from 
the DOT, Melbourne, Victoria. The data was within the city’s TAZs, with Riyadh 
featuring 2,166 of these, and Melbourne having 2,253. The data at both the individual 
and household levels are weaker than the zone level data, due to the lack of variation 
between inter-TAZs. This means that the relationship between dependent and 
independent variables might be stronger than in the individual level (Buchanan et al. 
2006). 
Riyadh’s trip data was obtained from the 2008 MOR report, while for Melbourne it was 
sourced from the 2008 DOT data. The data focused on trip purposes, including: HBW; 
HBE, including primary, secondary and high school; HBR; HBS; HBO and NHB. 
The OD trip data for Riyadh was also sourced from the MOR (2008) and for Melbourne 
was sourced from the DOT (2008). Trip data is accessible for the morning peak period 
(2 hour) in Riyadh, while this period is measured across 2 hours in Melbourne, and the 
OD trip matrix was organised by car, PT and walking modes. 
Socioeconomic data were applied at the TAZ level as an independent variable, and the 
socioeconomic variables included the number of employed residents, the number of 
households, age group (0–17, 18–64, 65+), the number of jobs and the number of 
students (table 6.1). 
Finally, land use data was also applied as an independent variable, with the independent 
variables organised into two categories. First, socioeconomic variables and land use 
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variables were broken into building GFA, and second, the number of buildings and 
activities in each zone was measured. The GFA for Riyadh was sourced from the ADA 
(2002), and for Melbourne was sourced from the LMC (2009). The number of buildings 
and activities in each zone measured the amount of retail, shopping areas and 
universities, with the last measure providing strong analysis for trip attraction in 
Riyadh. 
Table 6.1 : Definition of explanatory variables  
Variables Definition 
Non-physical characteristics (socioeconomic characteristics) 
Bpopulation Coefficient of population. 
Bhousehold Coefficient of households in each TAZ. 
Bcars Coefficient of cars in each TAZ. 
BEmployed_resident Coefficient of employed residents in each TAZ. 
BAge group Coefficient of population by age in each TAZ. 
BStudent_resident Coefficient of student residents in each TAZ. 
BEmployees_worksite Coefficient of employees in workplaces in each TAZ. 
Bstudent_school Coefficient of students in schools in each TAZ. 
Physical characteristics (land use characteristics) 
BRetailShop Coefficient of retail shops in each TAZ 
BMalls Coefficient of malls in each TAZ. 
Buniversities Coefficient of universities in each TAZ. 
Bparks Coefficient of parks in each TAZ. 
BAgriculture_Forestry
_Fi hing 
Meshblock. area by square kilometre in each 
BMining Coefficient of area of mining area by square kilometre in each 
meshblock. 
BManufacturing Coefficient of area of manufacturing area by square kilometre in 
each meshblock. 
BElectricity, Gas and 
Water Supply 
Coefficient of service area (electricity, gas and water supply) by 
square kilometre in each meshblock. 
BConstruction coefficient of construction area by square kilometre in each 
meshblock 
BWholesale Trade Coefficient of wholesale area by trade square kilometre in each 
meshblock. 
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Table 6.1 : Definition of explanatory variables (Continue) 
Variables Definition 
BRetail Trade coefficient of retail trade area by square kilometre in each 
meshblock 
BAccommodation, Cafes 
and Restaurants 
Coefficient of accommodation, cafes and restaurant areas by 
square kilometre in each meshblock. 
BTransport and Storage coefficient of transport and storage area by square kilometre in 
each meshblock 
BCommunication Services Coefficient of area of communication service area by square 
kilometre in each TAZ meshblock. 
BFinance and Insurance coefficient area of finance and insurance area by square kilometre 
in each meshblock 
BProperty and Business 
Services 
Coefficient of property and business service area by square 
kilometre in each meshblock. 
BGovernment 
Administration and Defence 
Coefficient of government administration and defence area by 
square kilometre in each meshblock. 
BEducation coefficient of education area by square kilometre in each 
meshblock  
BHealth and Community 
Services  
Coefficient of health and community service area by square 
kilometre in each meshblock. 
BCultural and Recreational 
Services 
Coefficient of cultural and recreational service area by square 
kilometre in each meshblock. 
BPersonal and Other 
Services. 
Coefficient of personal and other service area by square kilometre 
in each meshblock 
BHealth and Community 
Services  
Coefficient of health and community service area by square 
kilometre in each meshblock. 
 
Another critical factor in travel demand modelling is trip generation. This research 
attempts to predict trip production and attraction between each zone, and thus this form 
of transportation planning process is focused on the number of trips that have 
commenced and finished in each zone. However, it is not concerned with the connection 
between the OD of trips. The zone that contains the home end of home-based trips and 
of all non-home trips is measured as the zone that generated the trip, while the 
destination is measured as having attracted the trip. 
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Within this study, two types of trips are reported; HBW trips and NHBW trips, 
including education, recreation and other NHB trips. This study analyses HBW 
individually, as it is the most frequent form of trip rate across both Riyadh and 
Melbourne compared to the other types of trips. Additionally, PT can be explained 
through this type of transport planning process (HBW) in better ways than the other 
types of trip purposes. 
When considering trip generation, there are a number of variables that are considered to 
be similar in both Riyadh and Melbourne. For example, the household variable in 
Riyadh was not accessible, but it was measured by dividing the population by the 
average household as follows (Eq. (6.1)): 
 Household = (number of population)/ (average size of household)        (6.1) 
In Melbourne, the number of employed residents was determined by adding the number 
of white-collar and blue collar residents, as follows (Eq. (6.2)): 
 Employed residents = number of white collar residents + number of blue 
collar residents                                                                                       (6.2) 
Additionally, for Melbourne the number of employees at workplaces was measured by 
adding the estimated number of white-collar jobs to the estimated number of blue-collar 
jobs as follows (Eq. (6-3)): 
 Employees on work site = number of white collar jobs + number of blue collar 
jobs                                                                                                           (6.3) 
In Melbourne, the number of student residents was measured by calculating the total 
number of people aged 1–17. The number of students was estimated by adding the total 
of the primary, secondary and tertiary enrolments in Melbourne as follows (Eq. ((6.4), 
(6.5)): 
 Students in residence = total age group from 1 to 17 years                   (6.4) 
 Students in school = number of primary enrolments + number of secondary 
enrolments + number of tertiary enrolments                                          (6.5) 
6.3.1 Trip Generation Model calibration Process 
The trip generation process moves through a number of stages in order to predict trip 
production and trip attraction both currently and in the future (Figure 6.1). There are 
different variables that are applied for trip generation models, as the model is a function 
of both the socioeconomic characteristics of commuters and land use characteristics of 
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locations, activities and services (such as workplaces, school, malls, sporting venues, 
health and leisure). These are then applied as explanatory powers explanatory for the 
trip generation model (production/attraction). The two trip purposes chosen for this 
study were HBW and NHBW. 
Both independent variables and dependent variables were applied, with the independent 
variables being drawn from socioeconomic and land use attributes, while the dependent 
variables were drawn from the total origin trips to predict trip production. Destination 
trips were used to predict attraction trips. Logit linear regression analysis was used to 
predict trip generation using SPSS software and applying the stepwise technique. 
In order to approximate future trip generation, the above listed steps were applied to 
each trip purpose. Additionally, an estimated growth rate factor was measured, as this 
enables the prediction of future socioeconomic characteristics and thus predicts future 
trip production and attraction using the current coefficients. 
Model structure 
In order to identify the coefficients that inform trip generation, logit linear regression 
analysis was used. This consists of looking at modal trip production and trip attraction. 
HBW trip production and HBW trip attraction, as well as NHBW trip production and 
NHBW trip attraction were taken as dependent variables, while the independent 
variables were the socioeconomic variables and land use variables. The specific 
regression model is as follows (Eq. (6.6)): 
                                              ܻ ൌ ߚ0 ൅ ߚଵ ଵܺ ൅ ߝ                                                       (6.6) 
Where: 
B is the coefficient that is estimated. 
X is the socioeconomic variable or land use variable. 
ࢿ is the random of the component. 
The explanatory power of each model was assessed using the significance of the 
independent variables and the goodness-of-fit. The adjusted R2 values assist in 
explaining the fit of the model, with high adjusted R2 values illustrating the greatest 
correlation between the dependent and independent variables. This analysis predicts 
both future HBW and NHBW trips. In order to do this, the model’s base year was 2008, 
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with an identified growth rate factor that was measured according to the following 
equation (Eq. (6.7)and (6.8): 
                                      ܨ ൌ ܲሺ1 ൅ ݎሻ௡                                                            (6.7) 
                                             ܨ/ܲ ൌ ሺ1 ൅ ݎሻ௡ 
																																																			൬ܨܲ൰
ଵ
௡ ൌ 1 ൅ ݎ 
                                              ݎ ൌ ቀி௉ቁ
భ
೙ െ 1                                                             (6.8) 
Where: 
r is the growth rate factor. 
F is the vector of base year 2008. 
P is the vector past year (2001). 
n is the number of years (the change between the base year (2008) and future years 
(2030). 
In this study, the future target for both Riyadh and Melbourne was the year 2030. Both 
cities’ populations were used as a proxy for identifying their growth rates, due to the 
shortage of available data. The 2001 population was used for the past year, and was 
sourced from the ADA for Riyadh and the ABS for Melbourne. The 2008 population 
was used as the base year. For the 2001 population, estimates were measured at the 
district level in Riyadh and in the suburbs for Melbourne, while for the 2008 base year, 
population was measured at the TAZ level and then aggregated into districts for Riyadh 
and suburbs for Melbourne. Trip generation modelled future HBW and NHBW after 
predicting the future explanatory variables. 
6.3.2 Trip Generation Calibration Results 
This part produces the calibration of trip production and trip attraction in both Riyadh 
and Melbourne. Two trip purposes are adopted in this study HBW and NHBW trip for 
three modes (i.e. Car, PT and walk). 
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Work trip production (HBW-P) 
Approximation of the total number of trips, by objective, created in each zone is the 
goal of trip production, and this is calculated by comparing the number of trips to zone 
characteristics. Multiple linear regressions are useful for these measurements, and the 
aggregated data (at the TAZ level), combined with the number of trips per zone were 
used as the dependent variables, with the number of zone characteristics as the 
explanatory variables was applied. The HBW trip production equation is as follows (Eq. 
(6.9)): 
                        TNHBW production= BEmployed-residents * Employed Residents                  (6.9) 
Table 6.2: HBW trip production model (Riyadh and Melbourne) 
Variables 
Riyadh Melbourne 
Coefficient (t-test) Coefficient (t-test) 
BEmployees_resident 0.231 (348.65) 0.382 (68.38) 
Number of observations 
R2 
Adjusted R2 
2,166 
0.99 
0.98 
2,253 
0.99 
0.99 
 
Of all trip purposes, work trips were the most frequent. Table (6.2) highlights that this 
form of trip is dependent on the number of employed residents, such that the greater the 
number of employed residents, the greater the number of trips to work. The regression 
results also supported this. The ‘employed resident’ variable has a positive relationship 
with work trips in both Riyadh and Melbourne. The coefficients were quite similar, at 
0.231 and 0.382 respectively. The adjusted R2 value does not reflect the correlation 
between trip numbers and independent variables, as an adjusted R2 value closer to 1.00 
indicates a stronger correlation. For trip production for Riyadh and Melbourne, the 
adjusted R2 values were 0.98 and 0.99 respectively. Figures (6.2) and (6.3) show the 
regression curves and equations. Work trip data and independent variables were plotted, 
and then the regression curve was plotted against the relevant equation. Both linear and 
logarithmic regression lines and curves were assessed. The highest R2 value was applied 
to the trip generation rate summary, and trip production data and employed residents for 
both Riyadh and Melbourne were plotted and fitted with the regression line model. For 
both cities, the R2 value was high. 
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As previously outlined, non-work trip attractions represent HBE, HBS, HBO and HBR, 
with gender explanatory variables used in estimating the NHBW trip attraction in 
Riyadh, and only four explanatory variables applied for Melbourne. The variation was 
not significant, but in order to find strong and significant variables with high levels of 
R2 the use of strong power explanatory variables for each city was needed. In this case, 
both cities used the variables households, number of employees in worksites, number of 
students in schools and numbers of retail shops. Malls and number of students in 
university were included for Riyadh, as they showed a strong correlation with NHBW 
trip attraction, thus improving the adjusted R2 values. Table (6.5) presents the 
connection between NHBW trip attraction trip and variables. The ‘household’ variable 
provided the strongest explanation for HBR, with a result of 0.075 for Riyadh and 0.781 
for Melbourne. The reason for the higher result in Melbourne is due to the different 
behaviour of the population there. The ‘employees in worksite’ variable explained the 
HBE, HBS, and HBO trip attraction, as a greater number of employees live closer to 
their workplace. The result was 0.133 for Riyadh and 0.122 for Melbourne, with the 
similarity between the results due to the distribution of employees in the two cities, with 
both cities having a high level of people living close to their workplace. 
The variable ‘students in school’ seeks to explain the location of schools and a target of 
trip attraction for students, with Riyadh’s coefficient being 0.715 while this was only 
0.129 in Melbourne. For Melbourne the result was smaller because of the distribution of 
the numbers of students enrolled in the different stages of their schooling, which better 
explains the HBE. The ‘retail shops’ variable had good power as an explanatory 
variable, and explained NHBW trip attraction in both cities, at a value of 0.605 for 
Riyadh and 0.982 for Melbourne. The retail shop coefficient was higher in Melbourne 
than Riyadh due to the distribution of retail shops, which tend to be concentrated in one 
key area within a suburb, as opposed to the use of retail shops in arterial streets within 
Riyadh. The use of the ‘mall’ variable helped to explain the HBS trip attraction, but was 
not available for Melbourne. Finally, the variable ‘students in universities’ was 
important for Riyadh because it attracts student use of private vehicles, and was 
considered in the MOR 2008 data. Its coefficient was 0.077 and the value of the 
adjusted R2 was shared between the two cities, with both results calculated at 0.98. 
Figures (6.8) and (6.9) show the match between the explanatory variables and trip 
purposes NHBW trip attraction for Riaydh and Melbourne. Additionally, the NHBW 
attraction trip and regression lines were plotted with a strong relationship, which was 
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explained by the reasonable value of R2 value in both Riyadh and Melbourne, at 0.98 
and 0.79, respectively (Figures (6.10) and (6.11))). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.8: Match between explanatory variables and trip purposes in NHBW trip 
attraction, Melbourne 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.9: Match between explanatory variables and trip purposes in NHBW trip 
attraction, Riyadh 
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Table 6.6: Number of production and attraction trips from the 2008 survey data and base year model and future model results 
Trip purpose 
model periods
Riyadh Melbourne 
HBW 
production 
HBW 
attraction 
NHBW 
production 
NHBW 
attraction 
HBW 
production 
HBW 
attraction 
NHBW 
production 
NHBW 
attraction 
Survey data 
2008 418,564 418,564 413,063 413,063 713,007 713,007 1,746,948 1,746,948 
Baseline 2008 419,439 419,439 409,498 409,498 705,818 705,818 1,745,044 1,745,044 
Future 2030 1,917,201 1.917.201 1,162,726 1,162,726 993,181 993,818 2,476,364 2,476,364 
HH 2008 775,628 1,427,391 
HH 2030 3,546,042 2,016,113 
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Table 6.6 shows the comparison of the observed trip data and the model results. In 
Riyadh, HBW trip generation was predicted to increase sharply by 79 per cent by 2030, 
while NHBW trip generation was predicted to increase by 65 per over the same period. 
In Melbourne, HBW trip generation was predicted to increase by 29 per cent, compared 
to the predicted increase in NHBW trip generation by 30 per cent in 2030. 
This difference the modelling result for these cities is due to variation in data collection 
between them. It should be noted that Riyadh collected data for one hour during the 
morning peak compared to the two hour collection time in Melbourne. In Riyadh, the 
large predicted change in future trip generation is due to the growth in population, with 
households expected to increase by 78 per cent, compared to the 29 per cent predicted 
increase in Melbourne. 
6.5 Trip Distribution Model 
Trip distribution modelling is the second step of travel demand modelling, and follows 
trip generation, which models the number of trips that start or end at particular area. The 
process of trip distribution involves linking the trip ends to and from an OD (Beimborn 
1995; Bates 2000). Trip distribution models can be measured in three different ways: 
the growth factors model, the intervening opportunities model and the gravity model 
(Steiner et al. 2003). 
Growth factors are used to model the existing travel behaviour and predict future 
behaviour based on the OD matrix. This type of model is used to predict external trip-
making (Steiner et al. 2003). The intervening opportunities model was used in the 
Chicago Area Transport Action study, which employed the probability concept, which 
requires that a trip remain as short as possible. This model is not generally used, since it 
may fail to find a suitable destination for high trip lengths (Steiner et al. 2003). 
The gravity model is the most popular method used, and takes trips produced at one 
area and distributed to other area depending on the size of the other areas and the 
distance between areas (Beimborn 1995). The areas with large numbers of trips will 
attract more distributed trips compared to those with a smaller number of trips. The trip 
distribution modelling process should be viewed as that of producing a matrix of 
movement in which the number of trips in the cell of the matrix is related to the trip 
generation of the origin area (i) and the trip attraction of attraction area (j) (see Figure 
(6.12). The gravity model is calibrated by setting model parameters such that the trip 
length distribution produced by the model is similar to the objective trip length 
 137 
 
distribution. Typically, trip length is expressed in terms of travel time. The impedance is 
a function of the perceived difficulty in travelling from origin to destination (typically, 
it is expressed as an exponential function of the travel time between origin to 
destination). 
The OD model follows the gravity formulation (Eq. (6.14)): 
                           ܸ݆݅ ൌ Oi	Dj	fሺcijሻ/∑ሺ݆ܿ݅ሻ                                                              (6.14) 
Where: 
Oi represents generated trips. 
Dj represents attracted trips. 
ࢉ࢏࢐	represents	the	transport	impedance	from	ሺiሻݐ݋	ሺ݆ሻ. 
܎ሺ܋ܑܒሻ ൌ expሺα	trip	timeሻ. 
Standard errors ൌ	∑ሺ݋ܾݏ݁ݎݒ݁݀ െ ݉݋݈݀݁ሻଶ/݊ 
 
 
 
 
 
 
 
 
 
 
Figure 6.12: Trip distribution model process 
 
Data description 
The aim of trip distribution modelling is to link the trip ends to and from an OD. This 
part of the model focuses on the OD matrix, which was sourced from the DOT (2008) 
|\7
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for Melbourne and the MOR (2008) for Riyadh (table 6.7). The OD for these trips were 
categorised according to trip purposes, HBW and NHBW. 
Trip cost was considered as the impedance of the gravity model (i.e., car trip time, PT 
trip time, parking and fares). These were conducted by the DOT and the MOR for 
Melbourne and Riyadh, respectively. The OD trip matrix and trip costs were obtained at 
TAZ level in both cities. Melbourne has 2,253 TAZs, compared to 2,266 in Riyadh. 
Table 6.7: Definition of explanatory variables 
Variables Definition 
OD HBW Trip 
is the origin and destination of HBW trips 
at the TAZ level. 
OD NHBW Trip 
is the origin and destination of NHBW 
(combination of home-based education, 
shopping, recreational, other and non-
home-based) work at the TAZ level. 
OD Car Trip Time 
is the trip time between origin and 
destination in minutes, by car. 
OD PT Trip Time 
is the trip time between origin and 
destination in minutes, by PT (i.e., bus and 
train and tram). 
OD Walk Trip Time 
is the trip time between origin and 
destination in minutes, which was 
estimated. 
OD Trip Distance 
is the trip distance, calculated as the 
shortest distance from the centroid origin 
and centroid destination. 
Trip Cost is the cost of fuel, parking and fares. 
Calibration of a gravity function model 
Assume a mathematical form of the impedance including identification of the 
explanatory variables. Assume initial values of parameters. Calculate the trip length 
distribution using the assumed parameters. Compare the goodness-of-fit index for the 
respective parameters values. Change the assumed values of the parameters and expect 
that the process that will result in the best goodness-of-fit index. Typically, the 
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goodness-of-fit index is calculated as the sum of square of errors between the modelled 
trip length destination and objective trip length distribution. 
Gravity model results used to be related to make them consistent with the 
generation/attraction model. The Furness method is applied for this purpose (i.e., to 
balance the matrix) (see Figure (6.13)). 
 
Figure 6.13: The gravity model calibration process 
 
The Furness method 
The Furness method applies corrector factors to balance the matrix, as shown below 
(6.14, 6.15 and 6.16): 
                                               ܸ∗݆݅ ൌ ai	bj	V௜௝                                          (6.14) 
                                                 ∑ ܸ∗݆݅௜ ൌ ܱ݅                                             (6.15) 
                                                 ∑ ܸ∗݆݅௝ ൌ ܦ݆                                             (6.16) 
Where: 
(V*) is the balance matrix and (V) is the unbalanced gravity model matrix. Oi and Dj are 
the generated and attracted trips based on the generation and attraction model. Ai and bj 
are corrector factors. To determine the correction factors, an iterative process is 
employed. First, all ai and bj are assigned an initial value of 1.0. The a's is calculated as 
follow (6.15): 
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Figure 6.18: The variation in α parameter distribution for HBW trips 
  
NHBW trips 
For the NHBW trips, the ࢻ parameter was -0.20, which was the lowest values of the 
errors (Figure 6.19). 
 
 
 
 
 
 
 
Figure 6.19: The variation in ࢻ parameter distribution for NHBW trips 
 
Figure 6.20 shows the correlation between the sum of square of errors for HBW trips, 
and the modelled and observed trip length distributions in Riyadh. Figure (6.21) shows 
the correlation between the sum of square errors for NHBW trips, and the modelled trip 
length and observed trip length distributions in Riyadh. 
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Figure 6.20: Modelled and observed trip length distributions for HBW trips 
 
 
Figure 6.21: Modelled and observed trip length distributions for NHBW trips 
 
6.5.3 Trip Distribution Model Structure 
The gravity model in both cities can be written as follows with the ࢻ parameter assumed 
(Eq. (6.18, 6.19, 6.20 and 6.21)): 
																							 ெܸ௘௟௕௢௨௥௡௘_ு஻ௐ௜௝ ൌ ܱ݅ ஽௝	ሺ௧௥௜௣	௧௜௠௘ሻ∗ሺି଴.଴ହ଴ሻ∑஽௝ሺ௧௥௜௣	௧௜௠௘ሻ∗ሺି଴.଴ହ଴ሻ                         (6.18) 
                    	 ெܸ௘௟௕௢௨௥௡௘_ே஻ௐ௜௝ ൌ ܱ݅ ஽௝	ሺ௧௥௜௣	௧௜௠௘ሻ∗ሺି଴.ଵହ଴ሻ∑஽௝ሺ௧௥௜௣	௧௜௠௘ሻ∗ሺି଴.ଵହ଴ሻ                         (6.19) 
                          ோܸ௜௬௔ௗ௛_ு஻ௐ௜௝ ൌ ܱ݅ ஽௝	ሺ௧௥௜௣	௧௜௠௘ሻ∗ሺି଴.ଵ଴ሻ∑஽௝ሺ௧௥௜௣	௧௜௠௘ሻ∗ሺି଴.ଵ଴ሻ                          (6.20) 
                      ோܸ௜௬௔ௗ௛_ேு஻ௐ௜௝ ൌ ܱ݅ ஽௝	ሺ௧௥௜௣	௧௜௠௘ሻ∗ሺି଴.ଶ଴ሻ∑஽௝ሺ௧௥௜௣	௧௜௠௘ሻ∗ሺି଴.ଶ଴ሻ                           (6.21) 
‐1%
0%
1%
2%
3%
4%
5%
6%
7%
8%
0 10 20 30 40 50 60 70
HBW (RIY)‐AM
HBW (RIY)‐MD
HBW (RIY)‐PM
HBW (model)
‐1%
0%
1%
2%
3%
4%
5%
6%
7%
8%
9%
10%
0 10 20 30 40 50 60 70
NHBW (RIY)‐AM
NHBW (RIY)‐MD
NHBW (RIY)‐PM
NHBW (model)
 145 
 
The ࢻ parameter values for HBW trips in both Riyadh and Melbourne were quite 
different because the trip length distribution in Melbourne is shorter than the trip length 
distribution in Riyadh. Further, the ࢻ	parameters values for NHBW trips were also quite 
different. The change between the ࢻ value for HBW trips in Riyadh and the ࢻ value for 
HBW trips in Melbourne was -0.050, and similar to the change between Riyadh and 
Melbourne in NHBW trips. This was good evidence that the reason for the variation in 
the ࢻ values both cities is due to the trip length distribution in Melbourne being higher 
than in Riyadh. 
6.6 Model Split 
The model split is the step where trips between a given OD are split into trips by mode 
of travel, (i.e., car, carpool, bus, walk and bicycle) (Beimborn 1995). The split of trips 
among modes depends on three general groups of factors, such as the attributes of the 
traveller, the attributes of the trip and the transportation system. Travellers often 
consider income and car availability. Further, trip purposes and trip time both affect 
mode choice. The essential attributes of transportation systems are travel time by 
modes, quality of the transit service and the costs of parking, operating and riding 
transit (Steiner 2003). 
Logit models are typically employed to model mode choices. Logit models are close to 
discrete choice models, and account for the utility of each alternative mode to determine 
the choice of mode, where the mode with the best utility is selected. Travellers are the 
individual’s perception of utility for each. Mode explains the variation of choice 
between individuals presented with the same set of choices. 
Modes choice can be measured in different ways; the MNL model or the NL model. 
MNL models are based on the assumption that the different modes possess the property 
of being independent of irrelevant alternatives (IIA). This type of model is easy to 
calibrate and to use, however, the problem with the IIA property is that the alternative 
modes included in the choice set are independent of each other. For traveller’s mode 
choice modelling, this is a very strict assumption. For example, consider the mode 
choice between bus and light rail; although they use different networks so their travel 
time/cost can be viewed as being independent of each other, they share some common 
characteristics since they are both public transit. However, the NL model has been 
proposed to solve this problem. Different modes are grouped based on the 
characteristics they share in common and then put into different nests. In this structure, 
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the modes in the same nest do not need to be absolutely independent of each other. The 
logit model thus has the following form (Eq. 6.22): 
                                                    Pሺiሻ ൌ ୣ୶୮௏௜∑ୣ୶୮௏௜                                                      (6.22) 
P (i) represents the probability that an individual will select a mode; Vi is the utility of 
mode (i). The utility of a mode is a mathematical representation of the alternatives of a 
mode based on a number of attributes. Typically, a form that is linear in parameters is 
utilised. For example (Eq. 6.23): 
                    ܸ݅ ൌ 	βଵ	୲୰ୟ୴ୣ୪	୲୧୫ୣ		 ൅ βଶ	୲୰ୟ୴ୣ୪	ୡ୭ୱ୲ + ………                                     (6.23) 
There are two ways to model the case where there are three distinct alternative modes. 
The first is the MNL model, expressed in the equation above. An alternative approach is 
to apply the NL model, which is depicted below figure (6.23): 
 
Figure 6.22: Nested Logic model structure 
 
The NL model is better suited to model choice sets of three or more modes where some 
modes are perceived to be more or less equivalent choices (figure 6.22). This is the case 
in the ‘red bus-blue bus’ paradox example given by Ben-Aakiva and Lerman (1985). 
The red bus-blue bus paradox 
Assuming that the utility of car and bus are the same (i.e., Vcar = Vbus). Say the bus is 
represented in the choice sets as blue and red; then the multinomial representative 
would lead to a mode share for bus of 66 per cent (33 per cent + 33 per cent), whereas 
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the nested approval would result in the accurate mode share estimate of 50 per cent 
(Figure 6.23). 
 
 
Figure 6.23: The red bus-blue bus paradox 
 
Calibration techniques 
There are two popular methodologies to calibrate parameters of the utilities function in 
a logit model: the maximum likelihood estimation (MLE) and the least squares or 
regression analysis, also called the Berkson’s method (Ben-Aakiva & Lerman 1985). 
The Berkson’s method is based on the conversion of the logit model to a linear form 
available to regression analysis. In the case of two modes logit model, this is as follows 
(Eq. 6.24): 
Vi െ Vj ൌ 	െܫ݊ ൬ 1ܲሺ݅ሻ െ 1൰ 
෍ ߚ݊
௡
ሺ ௜ܺ,௡ െ ௝ܺ,௡ሻ ൌ 	െܫ݊ ൬ 1ܲሺ݅ሻ െ 1൰ 
െܫ݊ ൬ 1ܲሺ݅ሻ െ 1൰ ൌ ࢼ૚				൫ ௜ܺ,ଵ െ ௝ܺଵ൯ ൅	ࢼ૛				ሺ ௜ܺ,ଶ െ ௝ܺ,ଶሻ 
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                                  y ൌ ߚଵߠଵ ൅	ߚଶߠଶ ൅ ⋯൅ ߚ௜,௡ߠ௝,௡                                      (6.24) 
Berkson’s method can be considered and can have potential advantage in the following 
situations (Ben-Aakiva & Lerman 1985): 
 It deals very well with large samples, such those in air traffic data or in some 
freight demand problems. 
 When data are only available in aggregated form, as is often the case with the 
US Census data (aggregation in this case is used to preserve the anonymity of 
respondents). 
 The model structure uses only a small number of categorised variables so that 
the number of cells is reasonably small. 
 Each respondent to a survey is observed making a large number of repeated 
decisions so that each individual’s choices form a natural basis for grouping. 
The MLE method defines the likelihood function for a set of parameters of the utility 
function in a logit model as follows (Eq (6.25 and 6.26)): 
                               L∗ሺߚଵ, ߚଶ, …൅ ߚ௞ሻ ൌ ∏ ௡ܲே௡ିଵ ሺ݅ሻ௬ି௜,௡	 ௡ܲሺ݆ሻ௬ି௝,௡                      (6.25) 
௜ܻ,௡ ൌ ൜1, ݂݅	݌݁ݎݏ݋݊	݊	݄ܿ݋݋ݏ݁ݏ	݈ܽݐ݁ݎ݊ܽݐ݅ݒ݁	݅0, ݋ݐ݄݁ݎݓ݅ݏ݁  
ܮ ൌ ܫ݊ሺܮ∗ሻ   L∗ሺߚଵ, ߚଶ, …൅ ߚ௞ሻ ൌ ∑ ݕ݅, ݊	ܫ݊	 ௡ܲே௡ୀଵ ሺ݅ሻ ൅	ݕ௝,௡	ܫ݊	 ௡ܲ(j)    
                                                      Pሺi)ൌ ୣ୶୮	ሺ௏௜ሻୣ୶୮ 	ሺ௏௜ሻା	ୣ୶୮	ሺ௏௝ሻ                                         (6.26) 
ܸ ൌ ∑ߚܺ								
This maximises the likelihood function with respect to the parameters that would yield 
the best estimation of parameters. The MEL method is better suited than Berkson’s 
method particular in cases where data are limited or difficult to aggregate. 
Computationally, the MLE method is more complicated because it requires the 
application of optimisation techniques, such as the Newton-Raphson method (Ben-
Aakiva & Lerman 1985). 
Data definition  
This part of the model shows the expectation of mode choice in both Riyadh and 
Melbourne. Mode choice implies which transport mode is used for trips. The mode 
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choice affected by different factors, such as preference, availability, trip time and trip 
cost. In this study, mode choice was divided into three modes: walking, car and PT. The 
PT mode included buses, trams and trains. 
The explanatory variables used in the model were based on data availability. Variables 
were determined based on the trip attributes of travellers. The Riyadh data were Divided 
into three groups; first is a stated preferences data (see appendix chapter) that collected 
in 2004 by (ADA 2004), second group is a walk data which extracted from  (Koushki 
1988) study and trip costs sourced from the MOR at the TAZ level. The Melbourne trip 
characteristics were obtained from the DOT (2008) at the TAZ level. To calibrate 
models, data divided into two groups 80% for calibration and 20% for validation by 
applying cross-classification method due to past data for both cities unavailable. 
It was assumed that the utility function of the various modes are linear in parameters.   
Although this assumption was made to simplify the analysis, it is nonetheless 
representative of the mode choice behaviour of travellers.  The utility function included 
the following mode attributes: 
1. Travel time 
2. Travel cost 
3. Distance 
4. Constant. 
In the case of walk modes – it was determined from initial models that a walk selection 
based on distance was inadequate to explain the walk-preference behaviour determined 
in the data.   Several variants of the utility function was tried and finally the square root 
of the distance reflected that observed behaviour the adequately. 
The square root of the distance increases rapidly from zero and the rate of increase 
decreases as distance increase.  This means that the utility of walking at long distances 
is similar, which is consistent to the appreciation that people have endurance limitations 
to walking.  For example the utility of walking a distance of 5 kms is just as bad as 
walking 10 km and virtually nobody will walk to work for a distance over 2 km.   Hence 
using the square root of the distance rather than the distance was more successful in 
replicating observed walking choice behaviour. 
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6.6.1 Model Calibration 
This approach applies a discrete choice modelling technique in order to identify 
individual choices from the various mode alternatives. In discrete choice models, the 
probability of choosing one of the alternative options can be compared to the variance 
between its estimated utility and the estimated utility of other alternatives. As such, 
utility is understood to be a linear function that includes parameters that reflect aspects 
of the modes, including travel time, cost and frequency. NL was used because it assists 
in relaxing the independence assumption, therefore creating various degrees of 
similarity between subclasses (nests) of alternatives (Figure 6.24). Least square 
technique is used to calibrate modal split in this study. 
 
 
 
 
 
 
Figure 6.24: NL (3 nest) correlation model  
 
6.6.2 Melbourne Modal Split Calibration  
This part will presents the modal split calibration and validation model for Melbourne 
HBW (walk mode) 
The utility function of LOS approach is (Eq. 6.27): 
                            Vwalk ൌ ଵଵାୣ୶୮	ሺିሺସ.ଽସାሺିସ.଻଺∗௪௔௟೏೔ೞ೟బ.ఱሻ                                        (6.27) 
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                             Vwalk ൌ ଵଵାୣ୶୮	ሺିሺ଴.଼଻଺ାሺିଵ.ଶସ∗௪௔௟௞೏೔ೞ೟బ.ఱሻ                               (6.33) 
     Table 6.14: Nested logit estimated parameters for walk trips 
Explanatory 
variable 
Coefficient (T-test) Adjusted R2 
Pwalk_Constant 0.87(3.85) 
0.83 
Pwalk_Dist -1.24(-9.70) 
 
Table 6.14 shows the correlation between NHBW walk mode trip and Pwalk distance 
parameter. Pwalk distance parameter was (-1.24) with high R2 value (0.84). 
Figure 6.37: Correlation between the modelled and observed walk data 
 
Figure 6.37 produces the NHBW car trip and regression line were plotted and showed a 
strong relationship, which was explained by the value of R2 in Riyadh, at 0.90.  
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NHBW (walk trip model) validation 
 
Figure 6.38: NHBW walk mode validation in Riyadh. 
 
Figure 6.38 shows the validation model. This model displayed the evaluation of NHBW 
Walk model with observed data. The assessment the calibration and actual model was 
explained by the regression lines which was a robust relationship, it has a high R2 value 
(0.98). 
NHBW (car/PT mode) 
                     Vcar ൌ ଵଵାୣ୶୮	ሺିሺି଴.ଷ଴ାሺି଴.ଵ଺∗஼௔௥்௜௠௘ሻାሺି଴.ଶଵ∗஼௔௥஼௢௦௧ሻ                           (6.34) 
Table 6.15: Nested logit estimated parameters for car mode 
 
 
 
 
Table 6.15 displays the correlation between the explanatories parameters and NHBW 
car/PT mode trip. All parameters were significant relationship with a R2 value (0.66). 
As mentioned, NHBW car mode trip produced different trip purpose. This means that it 
hard to find parameters explained its trips due to the differences in the target of each the 
trip purpose.   
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6.7 Accessibility Measurement 
Accessibility is an alternative basis for sustainability with respect to the built 
environment. Accessibility to various aspects of daily life, such as employment, 
schools, clinical centres, shops and airports is highly valued. 
Transportation plays a crucial role in accessibility via mobility, which may affect the 
land use of developments. This implies that poor levels of accessibility have significant 
drawbacks in terms of the potential for economic and social interactions between people 
and the delivery of key services. 
Johnson (2007) found that in Australia transport problems affect 17 per cent of the 
surveyed job seekers, and the difficulties were more problematic in outer metropolitan 
areas (28 per cent of respondents) than in inner metropolitan areas (6 per cent of 
respondents). The importance of transportation reflects that the shortage of and 
problems with transportation create the most difficult barriers for job seekers in finding 
employment. 
To promote economic participation, social interaction and delivery of services, society 
must offer various options to people. The more accessibility options are available to 
people, the more they benefit. The likelihood that a person can find a job that is 
commensurate with their qualifications and interests increases if that person can 
conveniently access more potential employment opportunities. Increased transport 
options also improves ease of access, in that people are able to choose their destination 
and the corresponding cost of the travel according to the transport mode, and thus the 
amount spent on travel can be reduced. For example, an individual who has access to 
various retail centres may satisfy their needs easily and at low cost. When more options 
are available to individuals in their neighbourhoods, there is less need for long-distance 
travel, and the amount of travel can be reduced. This scenario can help to reduce traffic 
congestion and benefit society. 
The main goal of a transport system is to provide more options to society. This goal can 
by quantified using various measures of accessibility. Two aspects by which the 
transport system can contribute positively towards improving accessibility are (i) 
mobility and (ii) land development. The former aspect can expand the geographic scope 
for people to allow them to travel to many destinations. More investment in transport 
systems can expand the land available for development, which will increase 
opportunities and services close to people. 
 164 
 
Accessibility can be measured or used in transportation planning, in which measures 
have often been car-based in the past (Handy 1993). Preston and Raje (2007) state that 
the emphasis on employment accessibility is understandable, given its link to other 
important aspects of urban structure, such as choice of residential location, and also to 
outcomes hypothesised to be related to urban structure, such as social exclusion. 
However, access to other types of destinations, such as retail shops, is important 
because it strongly influences various dimensions of travel behaviour such as trip 
frequency (Daly 1997), destination choice (Handy 1993), and mode choice and trip 
complexity (Hanson & Schwab 1987). Better access to activities such as shopping and 
recreation is also thought to improve the general quality of life. On the other hand, 
accessibility has been used in addition to types of destination, and non-motorised modes 
such as walking and cycling have been proposed previously as an objective worthy of 
further study in the land use-transportation field (Handy 1993). 
The accessibility of a zone can be generally expressed by an isochronic equation 
(Koenig 1980), which is a function of weighted sum of opportunities, where the weights 
are based on transport impedance. 
                                                         ܣ௜ ൌ ∑ ௜݂ܺ൫ܥ௜,௝൯௝                                               (6.35) 
Where:  
Ai is the accessibility metric of zone i. 
Xi is the opportunity index at destination zone j. 
Ci,j is the impedance between zone I and j. 
In this class of approach, there are many variants of the function form of the weighting 
factor based on transport impedance f(cij). Included in this class of accessibility measures 
are gravity-based measures and isochronic-based measures, which are used in this study, 
as listed below. 
݂ሺܥሻ ൌ ଵ஼మ   Gravity-based with power for impedance. 
݂ሺܥሻ ൌ ଵୣ୶୮ሺ஼ሻ	   Gravity-based with exponential function for impedance. 
݂ሺܥሻ ൌ ቄ 1	݂݅	ܥ	 ൑ ܭ0	݋ݐ݄݁ݎݓ݅ݏ݁ Isochronic or cumulative opportunity, K is a user-
specified threshold. 
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Accessibility calculated by either the isochronic or the gravity approach is measured 
from the trip origin, typically from homes (e.g., number of schools within 30 minutes 
from home). Another approach is the destination-based approach, which measures 
accessibility from the destination point (e.g., number of households within 30 minutes 
from a school).  
In this study, an extensive literature review was performed, following Espeda’s (2011) 
study, which helped to establish the trip time limits shown in Table 6.16 below. 
Table 6.16: Trip time limits by mode and socioeconomic variable 
Trip time 
limit 
Workers 
Primary and secondary 
school 
Tertiary 
school 
Shopping and 
recreational 
Car 30 20 30 20 
PT 30 20 30 20 
Walk 10 10 10 10 
   Source: Espeda (2011) 
6.8 Conclusion  
In this chapter, it will explore the interaction land use transport model 
process by developing a land use transport model. The travel forecasting 
process is at the core of urban transportation planning. Travel forecasting models are 
used to project future traffic and are the basis for the determination of the need for new 
road capacity, transit service changes and changes in land use policies and patterns. 
Travel demand modelling involves a series of mathematical models that attempt to 
simulate human pattern while traveling. The models are done in a sequence of steps that 
answer a series of questions about commuter’s decisions. Attempts are made to simulate 
all choices that commuters make in response to a given system of transit and policies. 
Many assumptions need to be made about how people make decisions, the factors they 
consider and how they react in a particular transportation alternative. The travel 
simulation process follows trips as they begin at a trip generation zone, move through a 
network of links and nodes and end at a trip attracting zone. The simulation process is 
known as the four step process for the four basic models used. These are: trip 
generation, trip distribution, modal split and traffic assignments. This paper describes 
the process of the traditional four steps travel demand modelling system using a 
simplified transport network in the context of Riyadh and Melbourne. 
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The data was used in this model sourced from MOR 2008 for Riyadh and from DOT 
2008 for Melbourne. In this model, a comparison study has been applied to investigate 
the potential of benefits of shift from monocentric to polycentric structure. It also tried 
to use a similar period of data and similar explanatory parameters in order of minimize 
the errors.   
In Riyadh, HBW trip generation was predicted to increase sharply by 79 per cent by 
2030, while NHBW trip generation was predicted to increase by 65 per over the same 
period. In Melbourne, HBW trip generation was predicted to increase by 29 per cent, 
compared to the predicted increase in NHBW trip generation by 30 per cent in 2030. 
This difference the modelling result for these cities is due to variation in data collection 
between them. In Riyadh, the large predicted change in future trip generation is due to 
the growth in population, with households expected to increase by 78 per cent, 
compared to the 29 per cent predicted increase in Melbourne. 
In both Riyadh and Melbourne, The ࢻ parameter values for HBW trips were quite 
different because the trip length distribution in Melbourne is shorter than the trip length 
distribution in Riyadh. Further, the ࢻ	parameters values for NHBW trips were also quite 
different. The change between the ࢻ value for HBW trips in Riyadh and the ࢻ value for 
HBW trips in Melbourne was -0.050, and similar to the change between Riyadh and 
Melbourne in NHBW trips. This was good evidence that the reason for the variation in 
the ࢻ values both cities is due to the trip length distribution in Melbourne being higher 
than in Riyadh. 
This model provides an accurate picture of current travel which is used to forecast 
future travel. HBW and NHBW trip purposes have been calibrated and validated for 
three modes (i.e. car, PT and walk). This study split the data for two groups, one group 
for calibration (80%), and the remaining of data (20%) for validation by using cross-
classification technique due to the limitation in the past data. 
It was assumed that the utility function of the various modes are linear in parameters.   
Although this assumption was made to simplify the analysis, it is nonetheless 
representative of the mode choice behaviour of travellers.  The utility function included 
the following mode attributes (i.e. travel time, travel cost, trip distance and constant). 
In the case of walk modes – it was determined from initial models that a walk selection 
based on distance was inadequate to explain the walk-preference behaviour determined 
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in the data.   Several variants of the utility function was tried and finally the square root 
of the distance reflected that observed behaviour the adequately. 
In both cities, HBW trip has been calibrated and validated with high rate of fit with 
observed data. However, NHBW trip purpose was quite reasonable fit with the actual 
data. NHBW trip purpose was simulated different trip purposes such as home-based 
education, home-based shopping, home-based other and non-home-based which caused 
variation in the results of model between Riyadh and Melbourne. 
6.9 Summary  
In conclusion, we have reported on comparative analysis through forecasting the future 
trips 2030 by using traditional four steps travel demand modelling. This model applied 
on Riyadh and Melbourne for same period data which sourced in 2008. The results 
indicate that the model has been done accurately and was reasonable to forecast the 
future trips. However, this study did not include network assignment due to the 
network data unavailable. The scenario analysis included variations of residential and 
activity distribution, as well as, conditions of public transport service will be presented 
in the next chapter.  
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Chapter 7: Results of the Shift from 
Monocentric Structure to Polycentric Structure   
7.1 Introduction 
Many researchers have suggested that monocentric urban structures fail to optimise 
existing transport network utilisation. CBD workers arrive at similar times each day, 
generating an inward commuting flow from the outer suburbs during morning peak 
hours and an outward commuting flow during evening peak hours (Burke et al., 2010). 
Decentralisation of employment can be made possible by re-organisation of the 
suburban structure, by shifting from single core city centres to multiple-suburban 
activity centres (ACs) (for employment, shopping and recreation etc.) located on the 
periphery of the city.  
 
In Melbourne, ACs are identified and classified into the following categories: 25 
principal ACs, 79 major ACs, and ten specialised ACs (DPCD 2007). The latest focus 
advocates a polycentric city with six new sub-centres in addition to the CBD area, 
including Box Hill, Broadmeadows, Footscray, Frankston and Ringwood (DPCD 2011). 
In contrast, Riyadh’s land use and transport polices have adopted a polycentric model, 
identifying six sub-centres with traditional centres in the master plan for 2030 (ADA 
2004). 
While the benefits of polycentric over monocentric urban structure have been well 
examined and extensively reported in the literature, an examination of the shift from 
monocentric to polycentric urban structure and the quantification of its effects on travel 
remain a key gap in the existing literature on this topic. The present study endeavours to 
discover how this shift would reduce travel. 
On completion of the calibration and validation stages, the model presented in section 6 
was applied using the collected data. The results were used to address the objectives of 
the study and answer the research questions using the land use/transport model 
developed in this study. 
The land use and transport model was used to analyse different Land use Transport 
Interaction (LUTI) scenarios describing different monocentric and polycentric urban 
structures and their impact on traffic congestion, as well as spatial fragmentation, trip 
times and distances. This scenario analysis was used to establish the consequences of 
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the shift from a monocentric private transport-oriented city to a polycentric PT-oriented 
city at different stages of the transition process, and the corresponding network 
performances. 
This chapter is organised into six sections. The first section presents the outline of 
study, while the second explains the application of the model. Section 7.3 explores the 
model result, while Section 7.4 presents the accessibility measurement model. The 
following section details the findings of the study and the final section summarises the 
outcomes of study. 
7.2 Model Application 
 Following validation, the model was applied to scenario analysis of both future HBW 
and NHBW trips. The explanatory variables for HBW and NHBW for Melbourne and 
Riyadh are given in Table 7.1 below. 
Figure 7.1: Land use and transport model interaction process 
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Table 7.1: Explanatory variable 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.2: Four scenarios with different structures 
 
Four scenarios were set for the scale and distribution of activity and residential areas, as 
shown in Figure 7.2.  
Scenario 0 exhibits a monocentric structure (the existing structure) without any change 
in the current structure and network. Scenarios 1, 2 and 3 exhibit polycentric structures 
with variations in the redistribution of employment and residences, as follows: Scenario 
1 has five new sub-centres with a redistribution of population around the new sub-
centres. Scenario 2 has five new sub-centres with a redistribution of employment around 
the new sub-centres. Scenario 3 has five new sub-centres with a redistribution of both 
Trip 
purpose Melbourne Riyadh 
HBW 
Number of workers 
Number of households 
Number of jobs 
Number of workers 
Number of households 
Number of jobs 
NHBW 
Number of workers 
Number of households 
Number of students 
Number of jobs 
Number of students in school 
Number of retail shops 
Number of workers 
Number of households 
Number of students 
Number of jobs 
Number of students in school 
Number of retail shops 
Number of malls 
Number of students in universities 
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population and employment around the new sub-centres (see Figure 7.2). Scenarios 1, 2 
and 3 are formulated based on varying redistribution patterns. The base year was set as 
2008 and the future analysis year was set as 2030. For the redistribution of activities or 
residences, it was assumed that 7.5 per cent of the increment in activities/residences will 
be added to the CBD, while the remaining 92.5 per cent will be shared between the new 
sub-centres. The areas outside the CBD or sub-centres will remain as at 2008 (see 
Tables 7.2 and 7.3). The growth in total population or activity is based on historical 
trends, as sourced from the ADA in Riyadh (1996) and the ABS in Melbourne (ADA 
2001). 
Table 7.2: The distribution of residential areas and activities into six centres by different 
scenarios in Riyadh 
Factors Variable Centre 2008 Scenario 0 2030 
Scenario 1 
2030 
Scenario 2 
2030 
Scenario 3 
2030 
Residentia
l 
Households 
CBD 2,096 2,351 250,837 2,351 250,837 
1 1,744 78,513 506,069 78,513 506,069 
2 3,089 225,178 507,414 225,178 507,414 
3 2,268 43,460 506,593 43,460 506,593 
4 917 22,825 505,242 22,825 505,242 
5 2,507 22,451 506,832 22,451 506,832 
Other 763,055  3,151,264  763,055  3,151,264  763,055 
Total 775,676  3,546,042  3,546,042  3,546,042  3,546,042 
Workers 
CBD 4,884 5,478 584,701 5,478 584,701 
1 4,070 183,181 1,179,653 183,181 1,179,653 
2 7,207 525,360 1,182,790 525,360 1,182,790 
3 5,290 101,379 1,180,873 101,379 1,180,873 
4 2,143 53,342 1,177,726 53,342 1,177,726 
5 5,846 52,347 1,181,429 52,347 1,181,429 
Other 1,779,119 7,345,202 1,779,119 7,345,202 1,779,119 
Total 1,808,559 8,266,288 8,266,288 8,266,288 8,266,288 
Student in 
Residences 
CBD 2,960 3,320 384,874 3,320 384,874 
1 3,459 155,681 778,753 155,681 778,753 
2 2,457 179,105 777,751 179,105 777,751 
3 1,663 31,870 776,957 31,870 776,957 
4 903 22,477 776,197 22,477 776,197 
5 5,945 53,233 781,239 53,233 781,239 
Other 1,782,550 6,803,567 6,803,567 1,782,550 1,782,550 
Total 1,808,387 7,401,914 7,401,914 7,401,914 7,401,914 
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Table 7.2: The distribution of residential areas and activities into six centres by different 
scenarios in Riyadh (Continue) 
  Highlighting indicates significant change from Scenario 0. 
 
 
 
 
 
 
 
 
Factors Variable Centre 2008 Scenario 0 2030 
Scenario 1 
2030 
Scenario 2 
2030 
Scenario 3 
2030 
Activities 
Jobs 
CBD 4,830 5,417 5,417 507,841 507,841 
1 682 30,695 30,695 1,018,785 1,018,785 
2 1,058 77,124 77,124 1,019,161 1,019,161 
3 10,854 208,008 208,008 1,028,957 1,028,957 
4 1,366 34,002 34,002 1,019,469 1,019,469 
5 7,047 243,101 243,101 1,025,150 1,025,150 
Other 1,782,550 6,803,567 6,803,567 1,782,550 1,782,550 
Total 1,808,387 7,401,914 7,401,914 7,401,914 7,401,914 
Student in 
School 
CBD 1,087 1,219 1,219 341,717 341,717 
1 4,646 209,105 209,105 695,367 695,367 
2 429 31,272 31,272 691,150 691,150 
3 1,286 24,645 24,645 692,007 692,007 
4 1,708 42,515 42,515 692,429 692,429 
5 3,381 30,274 30,274 694,102 694,102 
Other 1,239,874 4,707,615 4,707,615 1,239,874 1,239,874 
Total 1,252,411 5,046,646 5,046,646 5,046,646 5,046,646 
No. of Retails 
CBD 378 424 424 19,125 19,125 
1 61 2,745 2,745 38,058 38,058 
2 21 1,531 1,531 38,018 38,018 
3 65 1,246 1,246 38,062 38,062 
4 17 423 423 38,014 38,014 
5 217 7,943 7,943 38,214 38,214 
Other 66,561 261,739 261,739 66,561 66,561 
Total 67,320 276,051 276,051 276,051 276,051 
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Table 7.3: The distribution of residential areas and activities into six centres by different 
scenarios in Melbourne 
Factors Variable Centre 2008 Scenario 0 2030 
Scenario 1 
2030 
Scenario 2 
2030 
Scenario 3 
2030 
Residentia
l 
Households 
CBD 9,936 12,859 54,090 12,859 54,090 
1 5,862 7,586 114,775 7,586 114,775 
2 3,154 5,821 112,067 5,821 112,067 
3 10,627 13,754 119,541 13,754 119,541 
4 15,455 20,002 124,369 20,002 124,369 
5 24,484 57,460 133,397 57,460 133,397 
Other 1,357,873  1,898,631  1,357,874  1,898,631  1,357,874 
Total 1,427,391  2,016,113  2,016,113  2,016,113  2,016,113 
Workers 
CBD 10,818 14,001 67,228 14,001 67,228 
1 6,517 8,434 145,661 8,434 145,661 
2 2,367 4,368 141,511 4,368 141,511 
3 12,845 16,625 151,990 16,625 151,990 
4 19,595 25,360 158,740 25,360 158,740 
5 27,477 64,486 166,622 64,486 166,622 
Other 1,767,762  2,466,240  1,767,762  2,466,240  1,767,762 
Total 1,847,381  2,599,514  2,599,514  2,599,514  2,599,514 
Student in 
Residences 
CBD 947 1,226 26,449 1,226 26,449 
1 2,033 2,631 65,548 2,631 65,548 
2 2,651 4,893 65,572 4,893 65,572 
3 4,851 6,278 67,768 6,278 67,768 
4 7,778 10,067 70,694 10,067 70,694 
5 12,045 28,268 74,964 28,268 74,964 
Other 764,020.4  1,081,081.2  763,449.2  1,081,081.2  763,449.2 
Total 794,325.4  1,134,444.2  1,134,444.2  1,134,444.2  1,134,444.2 
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Table 7.3: The distribution of residential areas and activities into six centres by different 
scenarios in Melbourne (Continue) 
Factors Variable Centre 2008 Scenario 0 2030 
Scenario 1 
2030 
Scenario 2 
2030 
Scenario 3 
2030 
Activities 
Jobs 
CBD 219,548 280,283 280,283 277,229 277,229 
1 13,637 18,354 18,354 160,739 160,739 
2 8,249 13,008 13,008 150,662 150,662 
3 20,333 26,150 26,150 162,714 162,714 
4 21,409 27,534 27,534 163,781 163,781 
5 23,832 44,978 44,978 166,234 166,234 
Other 1,548,321  2,214,875  2,214,875  1,543,823  1,543,823 
Total 1,855,329  2,625,182  2,625,182  2,625,182  2,625,182 
Student in 
School 
CBD 63,056 81,610 81,610 96,218 96,218 
1 20,536 26,579 26,579 108,510 108,510 
2 20,396 37,645 37,645 102,362 102,362 
3 15,984 20,687 20,687 97,909 97,909 
4 10,534 13,633 13,633 92,449 92,449 
5 30,472 71,514 71,514 112,424 112,424 
Other 943,266  1,295,707  1,295,707  937,503  937,503 
Total 1,104,244  1,547,375  1,547,375  1,547,375  1,547,375 
No. of Retails 
CBD 15,607 20,199 20,199 23,407 23,407 
1 1,822 2,358 2,358 21,611 21,611 
2 1,468 2,709 2,709 20,724 20,724 
3 2,340 3,028 3,028 21,592 21,592 
4 5,327 6,894 6,894 24,578 24,578 
5 6,215 14,587 14,587 25,470 25,470 
Other 229,663  316,760  316,760  229,153  229,153 
Total 262,442  366,535  366,535  366,535  366,535 
 
Highlighting indicates significant change to Scenario 0 
7.3 Model Results 
The comparative modelling suggests significant changes in travel behaviour under the 
idealised decentralisation scenarios for both Riyadh and Melbourne. 
7.3.1 Trip Rates 
HBW trips 
In Melbourne, car trip rates decline in Scenario1 and Scenario 3, but not in Scenario 2. 
PT trip rates decrease in Scenario 2 and Scenario 3; however, they increase in Scenario 
1. Walk trip rates increase in Scenario 1 and Scenario 3, but there is a slight decrease in 
Scenario 2 (see Table 7.4). This result may clarified by the redistribution of jobs and 
population strictly to the key activity centres where the level of accessibility to walk is 
high and residential and employment densities are enough to support walk trips.    
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In Riyadh, car trip rates decline generally. Scenario 3 decreases car trips to a greater 
degree than Scenarios 1 and 2. PT trip rates increase in all three scenarios, as do walk 
trip rates. Scenario 3 has the highest walk trip rate of all scenarios (refer to Table 7.5). 
NHBW trips 
In Melbourne, car trip rates decline generally. PT trip rates decline in Scenario 2, and 
increase slightly in Scenarios 1 and 3. Walk trip rates increase in all scenarios (ss Table 
7.4). 
In Riyadh, car trip rates decline in all scenarios. PT trip rates decline in Scenarios 2 and 
3, and increase slightly in Scenario 1. Walk trip rates increase in all scenarios, with 
Scenario 3 having the highest walk trip rate (refer to Table 7.5). 
Table 7.4: Comparison of trips by mode between baseline to 2030 and polycentric 
scenarios in Melbourne 
 
Table 7.5: Comparison of trip by modes between baseline to 2030 and polycentric 
scenarios in Riyadh 
HBW trips 
S1 S2 S3 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Car -7.83 -3.35 -20.32 
PT 12.35 5.63 9.98 
Walk 29.55 19.17 89.05 
NHBW 
trips 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Car -3.04 -5.01 -16.25 
PT 4.02 -0.13 -1.07 
Walk  10.28 59.52 63.03 
 
HBW trips 
S1 S2 S3 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Car -1.23 2.34 -0.71 
PT 1.91 -7.71 -6.19 
Walk 17.93 -5.09 59.24 
NHBW 
trips 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Car -2.85 -0.13 -4.42 
PT  6.37 -0.21 5.80 
Walk 6.86 1.26 15.60 
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7.3.2 Mode Share 
HBW trips 
In Melbourne, the car mode share declines in Scenarios 1 and 3 compared to Scenario 0, 
while Scenario 2 has a greater rate of increase compared to the other scenarios. The PT 
mode share decreases in Scenarios 2 and 3; however, Scenario 1 PT share increases 
compared to Scenario 0. Walk trips increase in Scenarios 1 and 3; however, Scenario 2 
is similar to Scenario 0 (see Table 7.6). Overall, Scenario 3 represented the better 
structure model for supporting the sustainable modes (e.g. PT and walk trips). This 
result appears to relate the high residential and employment densities in and around the 
key activity centres surplus, such that many higher workers will be able to walk less 
than 2 km to reach their work location. 
In Riyadh, all scenarios result in a slight decrease in the car mode share. The PT mode 
share increases in all scenarios. The walk mode share also increases in all scenarios, 
with Scenario 3 showing the highest increase (Table 7.7). 
NHBW trips 
In Melbourne, the car mode trip share declines in all scenarios compared to the baseline 
year 2030. Scenario 3 has a larger decrease compared to Scenarios 1 and 2. The PT 
mode share increases in all scenarios. Further, the walk trip share increases in all 
scenarios compared to Scenario 0. The PT mode share is higher for Scenario 3 than for 
Scenarios 1 and 2 (refer to Table 7.6). 
Riyadh’s mode share results are similar to those for Melbourne in terms of the decline 
in car mode share and the increase in walk mode share (Table 7.7). However, the PT 
share increases in Scenario 1 and declines to a degree in Scenario 3, while Scenario 2 
shows no change compared to Scenario 0. 
Table 7.6: Comparison of mode shares for baseline to 2030 and polycentric scenarios in 
Melbourne 
HBW 2008 S0 S1 S2 S3 
Car (per cent) 84.0 74.2 73.5 76.0 73.8 
PT (per cent) 14.8 24.5 25.0 22.8 23.1 
Walk (per cent) 1.3 1.2 1.5 1.2 3.0 
NHBW 2008 S0 S1 S2 S3 
Car (per cent) 81.0 71.9 69.9 71.8 68.8 
PT (per cent) 9.6 17.5 18.7 17.5 18.6 
Walk (per cent) 9.4 10.6 11.4 10.8 12.6 
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Table 7.7: Comparison of mode shares for baseline to 2030 and polycentric scenarios in 
Riyadh 
 
7.3.3 Trip Distance 
HBW trips 
For Melbourne, there is a reduction in car and PT trip distance under Scenarios 1, 2 and 
3, and an increase in walk trip distance (Table 7.8). For Riyadh, there is a decrease in 
trip distances by car, but there is an increase in trip distances by PT and walk modes 
(Table 7.9). Generally, Melbourne and Riyadh suggested that idealized structure was 
scenario 3 because it provides significant decrease in the private mode travelled, transit 
mode travelled. This outcome appears to relate re-concentrated residential and 
employment in the key activity centres.    
NHBW trips 
As is the case for HBW trips, there is a reduction in car and PT trip distance for 
Scenarios 1, 2 and 3, and an increase in walk trip distances for Melbourne (Table 7.8). 
For Riyadh, there is a decrease in trip distances by car, but there is an increase in trip 
distances by PT and walk modes in Scenarios 1 and 2. For Scenario 3, there is a 
decrease in trips distances for all modes (Table 7.9). 
 
 
Table 7.8: Comparison of transport performance between baseline to 2030 and 
polycentric scenarios in Melbourne 
 S1 S2 S3 
HBW 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Change (per cent)vs. 
S0 
Car PKT -5.56 -1.41 -12.69 
PT PKT -5.93 -13.44 -23.54 
Walk PKT 24.24 4.37 56.65 
HBW 2008 S0 S1 S2 S3 
Car (per cent) 99.3 67.4 62.6 65.3 56.1 
PT (per cent) - 31.6 36.1 33.5 35.2 
Walk (per cent) 0.7 1.0 1.4 1.2 8.8 
NHBW 2008 S0 S1 S2 S3 
Car (per cent) 97.1 64.0 62.1 60.8 55.1 
PT (per cent) - 30.6 31.9 30.6 30.3 
Walk (per cent) 2.9 5.4 6.0 8.6 14.5 
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NHBW 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Car PKT -8.61 -1.35 -14.40 
PT PKT -0.62 -1.01 -4.55 
Walk PKT 22.48 4.91 29.87 
 
Table 7.9: Comparison of transport performance between baseline to 2030 and 
polycentric scenarios in Riyadh 
 S1 S2 S3 
HBW 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Car PKT -6.19 -1.60 -27.75 
PT PKT 10.72 12.76 4.07 
Walk PKT 26.07 5.07 83.46 
NHBW 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Car PKT -2.22 -3.27 -39.44 
PT PKT 4.26 7.96 -11.52 
Walk PKT 1.37 10.43 -27.02 
 
Trip distance maps 
The geographic distribution of residential areas and activities and their trip lengths for 
Melbourne and Riyadh based on Scenarios 0, 1, 2 and 3 are listed below as follows: 
 HBW: average commuter kilometres travelled (person kilometres travelled, 
PKT) by car for Melbourne in Figure 7.3, and for NHBW work trips in Figure 
7.4. 
 HBW: average commuter kilometres travelled (PKT) by car for Riyadh in 
Figure 7.5, and for NHBW work trips in Figure 7.6. 
 HBW: average commuter kilometres travelled (PKT) by PT for Melbourne in 
Figure 7.7, and for NHBW work trips in Figure 7.8. 
 HBW: average commuter kilometres travelled (PKT) by PT for Riyadh in Figure 
7.9, and for NHBW work trips in Figure 7.10. 
For this factor, Scenario 3 is the best scenario. A dark colour in maps represents a lower 
PKT in both Melbourne and Riyadh. 
Figure 7.3 shows the average person kilometres travelled in different scenarios (0, 1, 2 
and 3) for HBW trips by car in Melbourne. The average of HBW trips is lower in 
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Scenarios 1 and 3 than Scenario 2 compared to Scenario 0. This means that workers 
move to the outer areas and redistributing the population around the new sub-centres 
reduces the trip length; however, Scenario 3 shows a higher reduction in the trip length 
due to the rebalancing between the population and jobs. 
The average of PKT for NHBW by car is lower in Scenario 3 than Scenarios 1 and 2 
compared to Scenario 0 in Melbourne (see Figure 7.4). This means that the relocation of 
the population and all other activities, such as school shops and retails, to the same 
location helps in reducing the average trip length by car. A polycentric structure is 
sufficient to reduce average trip length. 
For Riyadh, Figure 7.5 shows the average of PKT for HBW. Car trip length is lower in 
Scenario 3 than Scenarios 1 and 2 due to the location of population and jobs in the same 
place, which contributes to the in reduction of the average car trip length. 
Figure 7.6 shows the average PKT for NHBW trips by car in Riyadh. Scenario 3 
displays the optimal structure in terms of low car trip length compared to the other 
scenarios. This means that the balanced redistribution of population and activities 
between the new sub-centres helps in the reduction of average car trip length.  
Figure 7.7 shows the average PKT for HBW trips by PT in Melbourne. Scenario 3 
presents the lowest average PT trip length, meaning that a polycentric structure can be 
successful in encouraging the use of PT and reducing the average trip length between 
workplaces and the workers’ homes. 
Figure 7.8 shows the average PKT for NHBW trips by PT in Melbourne. Scenarios 2 
and 3 show the lowest average PT trip length,, due to the change of the structure of the 
city to a polycentric structure, which helps in the reduction of the PT trip length by the 
relocation of the residential areas and jobs close together. 
Figure 7.9 shows the average PKT for HBW trip by PT in Riyadh. Scenario 3 displays a 
good structure in terms of the reduction in the trip length for HBW compared to the 
existing structure. This means that the redistribution of residential and the jobs to the 
same places can contribute to the reduction of average PT trip length. 
In Riyadh, the average PKT for NHBW trips by PT is shown in Figure 7.10. Scenario 3 
offers the optimal urban structure due to it providing a balance between the workplace 
and home. This means that a polycentric structure can contribute to the minimization of 
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the trip length by PT and encourage commuters to use sustainable modes such as PT 
and walking. 
(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
 
Figure 7.3: Average PKT for different scenarios for HBW trips by car in Melbourne 
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Figure 7.4: Average PKT in different scenarios for NHBW trips by car in Melbourne 
(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
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(a) Scenario 0  (b) Scenario 1 
 (c) Scenario 2  
(d) Scenario 3 
 
Figure 7.5: Average PKT in different scenarios for HBW trips by car in Riyadh 
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(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
Figure 7.6: Average PKT for different scenarios for NHBW trips by car in Riyadh 
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(a) Scenario 0 (b) Scenario 1 
 (c) Scenario 2 
 
(d) Scenario 3 
 
Figure 7.7 : Average PKT for different scenarios for HBW trips by PT in Melbourne 
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(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
 
Figure 7.8: Average PKT for different scenarios for NHBW trips by PT in Melbourne
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(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
 
Figure 7.9: Average PKT for different scenarios for HBW trips by PT in Riyadh 
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(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
 
Figure 7.10: Average PKT for different scenarios for NHBW trips by PT in Riyadh 
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7.3.4 Travel Time 
HBW trips 
Tables 7.10 and 7.11 show that travel time expressed in terms of average person hours 
travelled (APT) by car declines for HBW trips in all scenarios, with the exception of 
Scenario 2. PT travel time decreases under all scenarios, while walk travel time 
increases under all scenarios. In Riyadh, car travel time decreases in all scenarios, 
particularly Scenario 3. PT travel time increases in Scenarios 1 and 2, but decreases in 
Scenario 3. Walk travel time increases under all three scenarios (see table 7.11). Finally, 
Scenario 3 was the optimal structure for the private mode and PT mode in both 
Melbourne and Riyadh because the balance between workplace and housing.  
NHBW trips 
For Melbourne, car travel time declines in all scenarios compared to Scenario 0. PT 
travel time also decreases in all scenarios, while walk travel time increases in all three 
scenarios (see table 7.10). 
For Riyadh, Table 7.11 shows that car travel time decreases in all scenarios, particularly 
Scenario 3. PT travel time changes slightly in Scenarios 1 and 2, but decreases notably 
in Scenario 3. Walk travel time increases in Scenario 1 and 2, but decreases in Scenario 
3. 
This means that all services such as schools, medical clinics and retail centres are close 
together, which assists in reducing the PT trip time. Walk trip time improves, 
particularly in Scenario 3. This confirms the expectation that self-containment leads to 
increasing numbers of walking trips. In Riyadh, car trip time declines in all scenarios, 
however Scenario 3 shows a greater rate of decline in car trip time compared to 
Scenarios 1 and 2. This means that the provision of local services may help to reduce 
car trip times. PT trip times fall in Scenarios 2 and 3. The latter shows a greater rate of 
reduction due to the concentration of all services near residential areas. Walk trip times 
increase slightly in Scenarios 1 and 2, by 0.12 and 0.99 per cent respectively. However, 
for Scenario 3 this figure falls slightly to -2.39. This means that the provision of some 
services in and around suburban ACs enables many more people to walk less than 2 
kilometres. 
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Table 7.10: Comparison of transport performance by hours between baseline to 2030 
and polycentric scenarios in Melbourne 
 S1 S2 S3 
HBW Change (per cent) vs. S0 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Car PHT -3.24 0.91 -5.37 
PT PHT -2.22 -3.88 -6.95 
Walk PHT 0.11 0.02 0.50 
NHBW Change (per cent) vs. S0 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Car PHT -3.58 -0.16 -5.86 
PT PHT -0.21 -0.44 -1.05 
Walk PHT 0.94 0.16 1.42 
 
Table 7.11: Comparison of transport performance by hours between baseline to 2030 
and polycentric scenarios in Riyadh 
 S1 S2 S3 
HBW Change (per cent) vs. S0 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Car PHT -5.72 -1.27 -20.15 
PT PHT 2.36 1.14 -1.87 
Walk PHT 0.35 0.05 5.72 
NHBW Change (per cent) vs. S0 
Change (per cent) vs. 
S0 
Change (per cent) vs. 
S0 
Car PHT -1.79 -2.60 -26.23 
PT PHT 0.59 -0.83 -7.30 
Walk PHT 0.12 0.99 -2.39 
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Trip distance maps 
The geographic distribution of residential and activity centres and their trip times for 
Melbourne and Riyadh based on Scenarios 0–3 are listed below, as follows: 
 HBW: average commuter hours travelled (PHT) by car for Melbourne in Figure 
7.11, and NHBW trips in Figure 7.12. 
 HBW: average commuter hours travelled (PHT) by car for Riyadh in Figure 
7.13, and NHBW trips in Figure 7.14. 
 HBW: average commuter hours travelled (PHT) by PT for Melbourne in Figure 
7.15, and NHBW trips in Figure 7.16. 
 HBW: average commuter hours travelled (PHT) by PT for Riyadh in Figure 
7.17, and NHBW trips in Figure 718. 
For this factor Scenario 3 was again the best scenario. A dark colour in maps represents 
a lower PHT for both Melbourne and Riyadh. 
Figure 7.11 shows the average person hours travelled by car for HBW in Melbourne. It 
shows a comparison of the four different scenarios. Scenario 3 is the best structure for 
trip time saving by car. This means that the new sub-centres reduce trip times by car due 
to the location of workplaces and homes together.  
For Melbourne, the best scenario for the lowest average PHT for NHBW by car is 
Scenario 3 (see Figure (7.12d). This is because Scenario 3 includes most activities in  
sub-centres close to the residential areas. A polycentric structure creates less trip 
congestion for NHBW purposes. 
For Riyadh, Figure 7.13 shows the average PHT by car for HBW purposes. In a 
comparison between the different scenarios, Scenario 3 presents an ideal scenario for 
the reduction of car trip time for HBW purposes. This means that a polycentric structure 
has the ability to minimize the average trip time between residential areas and 
workplaces by increasing the density. 
Figure 7.14 displays the average PHT by car for NHBW purposes in Riyadh. Scenario 3 
offers an optimal structure in terms of trip time savings due to the redistribution of all 
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activities and residential areas in the new sub-centres, which contributes to increased 
trip time savings. 
Figure 7.15 presents the average PHT by PT for HBW purposes in Melbourne. Average 
PT trip time declines sharply in Scenario 3 compared to the existing structure. This 
means that polycentric structure assists in the reduction of average PT trip time by the 
provision of workplaces and residential areas  together. 
For Melbourne, Figure 7.16 shows the average PHT by PT for NHBW purposes. In this 
case, Scenario 3 represents the most suitable structure in terms of the high rate of PT 
trip-time savings. The relocation of all activities close to residential locations can 
contributed the reduction of average trip times. 
For Riyadh, the average PHTs by PT for HBW purposes are shown in Figure 7.17. 
Figure 7.17d shows the best scenario compared to Scenario 0 due to the reduction in 
average trip time. Scenario 3 is the optimal structure because the shift from a 
monocentric to a polycentric structure promotes smooth commuting and low average 
trip time in Riyadh. 
Figure 7.18 illustrates different scenarios for the average PHT by PT for NHBW 
purposes. The best scenario for trip time savings is Scenario 3. As mentioned above, a 
polycentric structure contributes to the improvement of trip-time savings by PT, due to 
the balance of the distribution of activities and residential densities.     
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(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
Figure 7.11: Average PHT for different scenarios for HBW trips by car in 
Melbourne 
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(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
 
Figure 7.12: Average PHT for different scenarios for NHBW trips by car in 
Melbourne 
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(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
Figure 7.13: Average PHT for different scenarios for HBW trips by car in Riyadh 
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(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
Figure 7.14: Average PHT for different scenarios for NHBW trips by car in Riyadh 
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(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
Figure 7.15: Average PHT for different scenarios for HBW trips by PT in 
Melbourne 
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(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
Figure 7.16 : Average PHT for different scenarios for NHB trips by PT in Melbourne 
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(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
Figure 7.17: Average PHT for different scenarios for HBW trips by PT in Riyadh 
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(a) Scenario 0 (b) Scenario 1 
(c) Scenario 2 (d) Scenario 3 
Figure 7.18 : Average PHT for different scenarios for NHBW trips by PT in 
Riyadh 
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7-3-5 Accessibility measurement results 
This section presents the accessibility measurements for both Melbourne and Riyadh to 
explain the influence of a polycentric structure on accessibility to workplaces, schools 
and retail centres by car, PT and walk modes. 
Table 7.12 shows the accessibility level results for Melbourne for Scenarios 0 and 3. 
Work accessibility is improves in Scenario 3 compared to Scenario 0 for travel by all 
modes. The rate of accessibility by car is higher in Scenario 3 than in Scenario 0, and 
this is also the case for the PT and walk modes. In addition, the average accessibility by 
all modes is  improved in Scenario 3 compared to Scenario 0. However, the lowest rate 
of accessibility by car and walk modes is 0 in all scenarios. The exception is the PT 
mode, the result of which is higher in Scenario 3 than Scenario 0. 
In Scenario 3, the highest and average rate of primary and secondary school 
accessibility improve for all transport modes. For example, the highest rate of 
accessibility by car is 245,829, which is higher in Scenario 3 than Scenario 0, at 
167,829. The average rate of accessibility, at 55,821, is also slightly higher in Scenario 
3 compared to Scenario 0, at 55,786. Furthermore, the highest and average rates of 
accessibility are greater for the PT and walk modes in Scenario 3. 
Tertiary study and shopping centre accessibilities are improved for all modes in 
Scenario 3. For tertiary study trips, the highest level of accessibility by car is 465,668 in 
Scenario 3 compared to 355,668 in Scenario 0. Further, for shopping trips, the highest 
level of accessibility by car is 92,564 in Scenario 3, which is than the 85,307 seen in 
Scenario 0. The average level of accessibility is also higher in Scenario 3 than Scenario 
0. 
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                                     Table 7.12: Melbourne accessibility measurements based on Scenarios 0 and 3 
Trip purpose Accessibility level 
Mode 
S0 S3 
Car PT Walk Car PT Walk 
Work 
Highest 1,250,741 2,401,240 - 1,399,370 2,641,363 - 
Lowest - 2,619 - - 3,002 - 
Average 341,472 63,798 - 354,157 69,983 - 
Primary and 
secondary 
school 
Highest 167,829 564,038 8,107 245,829 654,038 9,657 
Lowest - - - - - - 
Average 55,786 14,815 464 55,821 17,052 465 
Tertiary 
school 
Highest 355,668 655,022 44,902 465,668 855,022 63,902 
Lowest - - - - - - 
Average 90,788 16,640 518 90,837 21,612 535 
Shopping 
and 
recreation 
Highest 85,307 240,039 12,589 92,564 255,535 12,620 
Lowest - - - - - - 
Average 26,885 6,576 289 27,349 6,864 299 
 202 
 
Table 7.13 shows the accessibility level results for Riyadh for Scenarios 0 and 3. Work 
trip accessibility by all transport modes is improved in Scenario 3 compared to Scenario 
0. The highest rate of accessibility by car is higher in Scenario 3 than Scenario 0 and 
this is also higher for the PT and walk modes. The average accessibility by all modes is 
also improved in Scenario 3. However, the lowest rate of accessibility is 0 by the PT 
and walk modes in all scenarios; here, the exception is for the car mode, which is higher 
in Scenario 3 compared to Scenario 0. 
In Scenario 3, both the highest and average rates for primary and secondary school trip 
accessibility are improved for all transport modes. For example, the highest rate of 
accessibility by car is 3,394,953 in Scenario 3, compared to 2,495,713 in Scenario 0. 
The average rate of accessibility is also slightly higher in Scenario 3, at 1,616,156, 
compared to the 1,494,571 for Scenario 0. Further, the highest and average rates of 
accessibility are higher by the PT and walk modes in Scenario 3. However, the lowest 
rate of accessibility is 0 in all scenarios by the PT and walk modes, again with the 
exception of the car mode, which is higher in Scenario 0 compared to Scenario 3. 
Tertiary study and shopping trip accessibility levels are improved by all transport modes 
in Scenario 3. For tertiary study trips, the highest level of accessibility by car is 
1,611,052 in Scenario 3, compared to 1,451,277 in Scenario 0. For shopping trips, the 
highest level of accessibility by PT is 2,702,453, higher in S3 than the 1,473,481 seen in 
Scenario 0. Overall, the average level of accessibility is higher in Scenario 3 than 
Scenario 0 for all transport modes. 
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                                Table 7.13: Riyadh accessibility measurements based on Scenarios 0 and 3 
Trip purpose Average level 
Mode 
S0 S3 
Car PT Walk Car PT Walk 
Work 
Highest 5,204,791 5,902,942 - 5,286,996 6,005,258 - 
Lowest 7,855 - - 2,233 - - 
Average 3,629,115 3,554,822 - 3,358,577 3,933,455 - 
Primary and 
secondary 
school 
Highest 2,495,713 4,094,276 184,353 3,394,953 5,535,138 391,932 
Lowest 160 - - 65 - - 
Average 1,494,571 1,964,769 26,609 1,616,156 2,987,582 129,859 
Tertiary 
school 
Highest 1,451,277 1,473,481 1,334,083 1,611,052 2,702,453 1,833,256 
Lowest - - - - - - 
Average 550,659 980,162 4,068 736,756 917,388 4,183 
Shopping and 
recreation 
Highest 113,461 216,378 9,286 132,292 218,453 19,114 
Lowest 18 - - 3 - - 
Average 63,384 99,757 977 61,639 122,216 6,364 
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Overall, the accessibility levels are improved by the polycentric structure. In both 
Riyadh and Melbourne, the accessibility level is higher in Scenario 3 than Scenario 0 
due to the fact that self-containment reduces the distances between housing and other 
activity centres, which leads to a reduction in trip costs. 
Car accessibility maps 
The geographic distributions of residential and activity centres and their accessibility by 
car for Melbourne and Riyadh based on Scenarios 0 and 3 are listed below, as follows: 
 The accessibility of work by car in Melbourne is shown in Figure 7.19, and for 
Riyadh in Figure 7.23. 
 The accessibility of primary and secondary schools by car in Melbourne is 
shown in Figure 7.20 and for Riyadh in Figure 7.24. 
 The accessibility of tertiary institutions by car in Melbourne is shown in Figure 
7.21 and for Riyadh in Figure 7.26. 
 The accessibility of retail and recreational centre by car in Melbourne is shown 
in Figure 7.22, and for Riyadh in Figure 7.26. 
 
Figure 7.19 shows the accessibility of work by car in Melbourne. The output of the 
model indicates that Scenario 3 is the best structure in terms of the high rate 
accessibility compared to Scenario 0, showing the benefit of the shift from one a 
monocentric to a polycentric city in increasing the rate of accessibility. Work places and 
residential homes provide good accessibility by car mode. The best scenario is Scenario 
3 for Riyadh, because the re-structure of residential and work areas improves 
accessibility by car (see Figure 7.23). 
For Melbourne, the accessibility of primary and secondary schools by car is higher in 
Scenario 3 than  Scenario 0, as shown in Figure 7.20. The redistribution of schools with 
high population density increases the accessibility rate, and the polycentric structure 
contributes to improved accessibility. Scenario 3 is a good scenario in Riyadh because 
the re-structure of residential and work areas improves accessibility by car (refer to 
Figure 7.24). 
For Melbourne, Figure 7.22 shows the accessibility of tertiary institutions by car. 
Scenario 3 presents a robust structure for high rate accessibility of tertiary school trips 
by car. This means that a balanced distribution of tertiary centres around the new sub-
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centres increases accessibility by car. For Riyadh, Scenario 3 is a better scenario 
compared Scenario 0 because the concentration of residential and work areas in the new 
activities centres improves accessibility by car (see Figure 7.25). 
Figures 7.21 and 7,26 display the accessibility of retail and recreation centres by car in 
Melbourne and Riyadh, respectively. The different scenarios have been compared to 
illustrate that a supportive structure can improve accessibility. Scenario 3 represents an 
ideal structure for both Riyadh and Melbourne. 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.19: The accessibility of work by car for different scenarios in Melbourne 
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(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.20: The accessibility of primary and secondary schools by car for different 
scenarios in Melbourne 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.21: The accessibility of retail and recreation centres by car for different 
scenarios in Melbourne 
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(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.22 : The accessibility of tertiary institutions by car for different scenarios in 
Melbourne 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.23: The accessibility of work by car for different scenarios in Riyadh 
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(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.24: the accessibility of primary and secondary schools by car for different scenarios in 
Riyadh 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.25: The accessibility of tertiary institutions by car for different scenarios in 
Riyadh 
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Public transport accessibility maps 
The geographic distribution of residential and activities and their accessibility by PT for 
Melbourne and Riyadh based on Scenarios 0 and 3 are given below: 
 The accessibility of work by PT for Melbourne is shown in Figure 7.27, and for 
Riyadh in Figure 7.31. 
 The accessibility of primary and secondary schools by PT for Melbourne is 
shown in Figure 7.28, and for Riyadh in Figure 7.32. 
 The accessibility of tertiary institutions by PT for Melbourne is shown in Figure 
7.29, and for Riyadh in Figure 7.33. 
 The accessibility of retail and recreational centres by PT for Melbourne is shown 
in Figure 7.30, and for Riyadh in Figure 7.34. 
For Melbourne, Figure 7.27 shows the accessibility of work by PT. The results of the 
model indicate that Scenario 3 is the best structure in terms of its high rate of 
accessibility compared to Scenario 0, indicating the benefit of the shift from a 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.26 : The accessibility of retail and recreation centres by car for different scenarios in 
Riyadh 
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monocentric to a polycentric city structure for increasing the rate of accessibility. 
Workplaces and residential areas show good accessibility by PT mode. The best 
scenario is Scenario 3 for Riyadh because the re-structure of residential and work areas 
improves accessibility by PT (see Figure 7.31). 
Figure 7.28 shows that the accessibility of primary and secondary schools by PT is 
improved in Scenario 3 compared to Scenario 0 for Melbourne. The relocation of 
schools to areas with high population density increases the accessibility rate, and a 
polycentric structure contributes to improved accessibility. For Riyadh, Scenario 3 is 
good because the re-structure of residential and work areas improves accessibility by PT 
(see Figure 7.32). 
For Melbourne, Figure 729 shows the accessibility of tertiary institutions by PT. 
Scenario 3 represents a robust structure for its high rate accessibility of tertiary 
institutions by PT. This means that a balanced distribution of tertiary institutions around 
the new sub-centres increases accessibility by PT. For Riyadh, Scenario 3 is a better 
scenario than Scenario 0 because the concentration of residential and work areas in the 
new activities centres improves accessibility by PT (refer to Figure 7.33). 
Figure 7.30 shows the accessibility of retail and recreation centres by PT in Melbourne. 
Different scenarios have been compared to illustrate that a supportive structure can 
improve accessibility. Scenario 3 presents an ideal polycentric structure. For Riyadh, 
Scenario 3 is a better scenario than Scenario 0 because the concentration of residential 
and work areas in the new activities centres improves their accessibility by car (see 
Figure 7.34). 
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(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.27 : The accessibility of work by PT for different scenarios in Melbourne 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.28 : The accessibility of primary and secondary school by PT for different 
scenarios in Melbourne 
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(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.29: Average accessibility of tertiary institutions by PT for different scenarios 
in Melbourne 
 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.30 : The accessibility of retail and recreation centres by PT for different 
scenarios for Melbourne 
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(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.31 : The accessibility of work by PT for different scenarios in Riyadh 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.32: The accessibility of primary and secondary schools by PT for different 
scenarios for Riyadh 
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(a) Scenario 0 
 
 
 (b) Scenario 3 
Figure 7.33: The accessibility of tertiary institutions by PT for different scenarios for 
Riyadh 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.34: The accessibility of retail and recreation centres by PT for different 
scenarios for Riyadh 
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Walking accessibility maps 
The geographic distributions of residential and activity centres and their accessibility on 
foot for Melbourne and Riyadh based on Scenarios 0 and 3 are listed below: 
 The accessibility of work on foot in Melbourne is shown in Figure 7.35, and that 
for Riyadh in Figure 7.39. 
 The accessibility of primary and secondary schools on foot in Melbourne is 
shown in Figure 7.36, and that of Riyadh in Figure 7.40. 
 The accessibility of tertiary institutions on foot in Melbourne is shown in Figure 
7.37, and for Riyadh in Figure 7.41. 
 The accessibility of retail and recreation centres on foot in Melbourne is shown 
in Figure 7.38, and for Riyadh in Figure 7.42. 
For Melbourne, Figure 7.35 shows the accessibility of work on foot. The results of the 
model indicate that Scenario 3 is the best structure in terms of its higher rate 
accessibility than Scenario 0, showing the benefit of the shift from a monocentric to a 
polycentric city structure in increasing the rate of accessibility. Workplace and 
residential areas have good accessibility by walk mode. The higher rate of the walk 
accessibility for work trips in Scenario 3 due to the redistribution of workplaces and 
residential areas to the same areas encourages residents to walk within a 4 km. distance 
(see Figure 7.39). 
Figure 7.36 shows the accessibility of primary and secondary schools on foot is better in 
Scenario 3 than Scenario 0 for Melbourne. The relocation of schools to areas with high 
population densities increases the accessibility rate, and a polycentric structure 
contributes to improved accessibility. For Riyadh, the higher rate of walk accessibility 
for work, and primary and secondary schools is provided by Scenario 3 because the 
redistribution of schools around residential areas encourages residents to allow their 
children to walk to their school within a reasonable distance (see Figure7.40). 
For Melbourne, Figure 7.37 shows the accessibility on foot of tertiary institutions. 
Scenario 3 represents a robust structure for its high rate of accessibility of tertiary 
institution trips on foot. This means that an equal distribution of tertiary centres around 
the new sub-centres increases their accessibility on foot. Similarly, Riyadh would 
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encourage high school students to walk instead of using PT and car modes through 
Scenario 3 due to the increased residential density and the provision of all activities in 
that area (i.e. schools etc.) (see Figure 7.41).  
Figure 7.38 shows the accessibility of retail and recreation centres by PT in Melbourne. 
Different scenarios have been compared to illustrate that a supportive structure can 
improved accessibility. Scenario 3 provides an ideal polycentric structure. For Riyadh, 
Scenario 3 represents the optimal structure in terms of the high rate of accessibility on 
foot (see Figure 7.42). 
 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.35: The accessibility of work on foot for different scenarios for Melbourne 
 217 
 
 
 
 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.36: The accessibility of primary and secondary schools on foot for different 
scenarios for Melbourne 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.37: The accessibility of tertiary institutions on foot for different scenarios for 
Melbourne 
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(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.38: The accessibility of retail and recreation centres on foot for different 
scenarios for Melbourne 
  
(a) Scenario 0 
  
(b) Scenario 3 
Figure 7.39: The accessibility of work on foot fort different scenarios for Riyadh 
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 (a) Scenario 0 
 
(b) Scenario 3 
Figure 7.40: The accessibility of primary and secondary schools on foot for different 
scenarios for Riyadh 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.41: The accessibility of tertiary institutions on foot for different scenarios for 
Riyadh 
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7.4 Conclusion 
This chapter has reported the results of comparative modelling that investigated the shift 
from a monocentric to a polycentric structure, and from a private transport to a PT 
mode-oriented city, using data from the MOR (2008) and the DOT (2008) for Riyadh 
and Melbourne, respectively. The results indicate that planned and concentrated 
employment opportunities and populations in key ACs may deliver significant benefits 
in terms of reducing car trip distances. Contrary to much of the existing literature, this 
model suggests that robustly planned employment and population decentralisation may 
improve PT use, if there is clustering of jobs and populations into sub-centres close to 
PT stations. 
Private mode trip rates decline in all scenarios, but Scenario 3, the polycentric approach, 
has the greatest rate of reduction in private mode trips compared to base year 2030 for 
both Riyadh and Melbourne. This means that the strict redistribution of employment 
and population to sub-centres where the level of accessibility is high, and population 
and employment are sufficient, will warrant a reasonably high PT mode share for 
commuter trips by employees. This result is in part at odds with those in most of the 
 
(a) Scenario 0 
 
(b) Scenario 3 
Figure 7.42: The accessibility of retail and recreation centres on foot for different 
scenarios for Riyadh 
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published literature on decentralisation, in that an increase in the percentage of suburb-
to-suburb commutes within Riyadh and Melbourne does not, according to this study’s 
model, increase the rate of car use (Aguiléra et al., 2009). 
In terms of mode share, the private mode share is the lowest in all scenarios and for all 
purposes compared to the base year 2030. For both Melbourne and Riyadh, Scenario 3 
had the highest rate of PT share for HBW trips; however, for NHBW trips, the PT share 
increased, except in Riyadh. This means that clustering employment and population in 
key ACs close to PT stations encourages people to use PT instead of private transport 
modes. 
In addition, trips on foot increased in all scenarios and for all purposes for both Riyadh 
and Melbourne. This means that self-containment is improved by restructuring the 
density of employment and population. In this model, PKT was considered and was 
expressed as traffic congestion. In both Riyadh and Melbourne, trip distances by private 
modes declined in all scenarios; however, Scenario 3 produced the greatest rate of 
decrease compared to Scenarios 1 and 2 in both cities. This means that mixed land use 
helps to decrease trip distances. Further, PT trip distance declined in all scenarios and 
for all purposes in Melbourne. This is in contrast to Riyadh, which showed an increase 
in PT mode use for HBW trips, and a reduction for NHBW trips in Scenario 3. Trip 
time provides a good indicator that may be significant for congestion. In both Riyadh 
and Melbourne, Scenario 3 provided a significant decrease in the number of vehicle 
kilometres travelled, for both HBW and NHBW trips. These savings in travel time are 
much higher for Riyadh than Melbourne. This means that vehicles travel faster on the 
network in all scenarios, particularly in Scenario 3. The model suggests that strongly 
planned and guided employment decentralisation may not be deleterious to transit use, 
if jobs are clustered into key ACs at transit nodes, and if the necessary cross-suburban 
bus links are provided. In line with the findings described in the literature, the model 
predicts savings in overall travel times, which is a significant benefit, but it also 
suggests savings in travel distances (vehicle kilometres travelled) by private vehicles 
that are more questionable on the basis of experience in Stockholm (Burke et al., 2010). 
The PT time savings are much higher in Scenario 3 compared to Scenarios 1 and 2. In 
Riyadh, however, PT savings in time travelled are less than for Melbourne in all 
scenarios because the PT mode may cover Melbourne over a larger area than the PT 
mode in Riyadh. Savings in walk time are much higher in Melbourne for NHBW 
purposes. However, HBW walk time travelled increased, especially in Riyadh compared 
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to Melbourne. These finding indicate that the combined and coordinated redistribution 
of activity centres and residential areas would achieve the best possible transport 
outcome, with regard to increased car accessibility. This will also reduce travel 
consumption in general, including PT travel, and promote walking trips. 
Together, the finding of this study indicate that the combined and coordinated activity 
centre and residential area redistribution into polycentric structures for Melbourne and 
Riyadh will bring about significant benefits and will play a key role in achieving more 
sustainable transport outcomes. 
7.5 Summary 
In this chapter, we have reported on a comparative analysis through modelling that 
investigated the shift from a monocentric to a polycentric city structure, and from a 
private mode to a PT mode-oriented city for Riyadh and Melbourne. The results 
indicate that planned and concentrated employment and population in key activity 
centres may deliver significant benefits to reducing car trip distances. The combined 
and coordinated redistribution of activity centres and residential areas would achieve the 
best possible transport outcome, with regard to reducing car trips, car mode share, car 
travel distance and car travel.  It would also reduce travel consumption in general, 
including PT travel and promote trips on foot. 
The findings of the study indicate that the combined and coordinated redistribution of of 
activity centres and residential areas into polycentric structures for Melbourne and 
Riyadh will bring about significant benefits and will play a key role in achieving a more 
sustainable transport outcome. The conclusions of this research and possible future 
directions will be presented in the next chapter. 
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 Chapter 8: Conclusions and Future Research  
8.1 Introduction                                                                                               
In order to assess how urban structure shapes trip cost (length and time), this study 
conducted a comparative analysis of urban form and travel behaviour in Riyadh and 
Melbourne. Four main questions were asked in Chapter 1 to identify the interaction 
between urban form and transport processes. 
8.2 Outcomes 
The conclusions of the study outcomes are presented in this chapter in the form of the 
answers to the four specific questions posed by this research.    
8.2.1 Does urban sprawl increase the demand for private transport and make PT less 
economically viable? 
Chapter 3 assessed land use and transport interaction in Riyadh and Melbourne. A 
variety of methods were applied to this comparison, examining transport and 
socioeconomic criteria. The interaction between modal split and commuting distance 
across four categories (high/low density and high/low socioeconomic index) for the 
JTW data at an aggregate level was also explored. It was found that Riyadh and 
Melbourne were of a comparable urban form, with similar morphological characteristics 
(population density and total population), and comparable distribution patterns. Both 
cities possess strong city centres surrounded by a large-scale metropolitan area. The 
most significant difference between the two cities is that Melbourne has good spatial 
coverage of PT, which is almost non-existent in Riyadh. 
Comparable to other developed cities with decentralised structures, Melbourne and 
Riyadh have undergone a shift from a monocentric, high density structure to one of 
urban sprawl with low density with high rates of car dependence. The low density has 
created the highest proportion of car trips in Melbourne, with the highest rates of travel 
to work found in the lower socioeconomic areas for both cities. In Melbourne, both high 
density and high socioeconomic areas have the largest rates of PT use, with the mode 
choice for commuters shaped by population density, rather than socioeconomic criteria, 
which are in fact shaped by distance from the city centre. For Riyadh, travel distances 
increase for people in high density and low socioeconomic areas, while for Melbourne 
the average travel distances are greatest in the low density and low socioeconomic 
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areas. In Riyadh and Melbourne, average commuting distances are comparable to those 
found in the UK, at 12.5 kilometres, and Christchurch, New Zealand, at 11 kilometres 
(Buchanan et al. 2006; Giuliano 1999). These distances are less than the average 
American commuting distance of 16.3 kilometres (Giuliano 1999). 
The greatest percentages of JTW for origin to destination are from outer-to-outer 
Melbourne and inner-to-inner Riyadh. The second largest percentages are opposite to 
this, with outer-to-outer in Riyadh and inner-to-inner in Melbourne. Despite this, the 
largest PT usage is for commuting trips from inner and outer suburbs to the CBD. This 
study has identified that the majority of people living in the outer and inner suburbs 
have significant car dependence. Moreover, car and PT usage is affected by urban form 
more than socioeconomic criteria. These influences were assessed by multiple linear 
regression, with trip distance from zone to zone being used to measure both modal split 
and the average distances travelled. 
Chapter 4 focused on the impact of socioeconomic factors and land use in shaping 
Riyadh and Melbourne’s travel behaviour. The primary method modelled car ownership 
in order to approximate the MNL model. The data were based on disaggregation at the 
household level, and aggregation level findings from the MOR 2008 (MOR 2008) for 
Riyadh and VISTA07 for Melbourne (ADA 2007). The MNL model results assisted in 
identifying the impact of land use and socioeconomic variables on household decisions 
not to own a car, or to own one, two and three or more cars. These results were 
comparable with those found when the influence of the proximity of the workplace to 
the place of residence was assessed: distances greater than six kilometres do not impact 
on a household’s decision to own a car. The CBD variable has a strong and positive 
impact on households engaging in walking or cycling, as opposed to owning a car. For 
Melbourne, the disconnection between activity and workplace locations and home 
locations significantly increases the possibility of car ownership for households. 
Like other developed cities with decentralised structures, Melbourne and Riyadh have 
significant car reliance rates. Low density has been identified as leading to the largest 
proportion of car trips, while medium and high income have a positive impact on 
household decisions to own more than three cars in both cities. Other studies have 
identified that income and the number of licenced drivers increase the possibility of 
households owning cars (Chu 2002; Potoglou & Kanaroglou 2008; Li et al. 2010). 
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The MNL model is useful for assessing the impact of socioeconomic and land use 
characteristics on the utility of household decisions around car ownership. The CBD 
variable is the strongest indicator of car non-ownership in both Riyadh and Melbourne, 
due to the balance between land use developments. Household decisions to own more 
than two cars in Riyadh, and one car in Melbourne, are largely shaped by the impact of 
urban sprawl, such that non-motorised modes and mass transit use need better support 
(Li et al. 2010). 
The results of the analysis are useful for application to both Melbourne and Riyadh, as 
indicative of developed and developing countries. Both cities have transformed from 
monocentric areas with high population and employment densities, to cities surrounded 
by significant urban sprawl with low population and employment densities. A 
polycentric structure with a strong PT system and high employment and population 
densities can be realised through the development of sustainable urban planning. A 
focus on self-containment, which lessens car dependence and ownership, while 
improving sustainable transport options, such as walking and cycling, is recommended. 
Chapter 5 presented the results and analysis of a comprehensive and comparative study 
of transport mode choice. The analysis focused on two case studies, Riyadh and 
Melbourne, as these cities have similarities and differences in a range of factors, 
including urban form, travel behaviours, land use, transport and socioeconomic criteria. 
The Melbourne analysis was based on the VISTA07 dataset, sourced from the Census 
Bureau and Transport Survey Organization (VISTA 2007), while for Riyadh, the MOR 
2008 dataset was used (MOR 2008). 
Distances of greater than six kilometres from the workplace to home are identified as 
the most important factor shaping household decisions regarding car or PT mode use. 
For Melbourne, the CBD and inner suburban area variables have a positive effect on PT 
use by commuters, rather than car use. For both cities, shorter distances between the 
workplace and residential areas correlate with a decreased ability of households to use 
PT in the outer suburban areas. 
High socioeconomic status has a positive effect on car use decisions by commuters; 
however, the mid-range socioeconomic status correlates with commuter decisions to use 
the bus mode. For Melbourne, lower socioeconomic status is positively correlated with 
bus use decisions by commuters, but this is not significant for the high or medium 
income variables. 
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For both cities, low-density suburban areas lead to the greatest proportion of car trips. 
This is comparable to other developed cities with decentralised structures, as identified 
by a number of authors (Chu 2002; Potoglou & Kanaroglou 2008; Li et al. 2010). These 
studies have found that, as income and the number of licensed drivers increase, 
households increasingly make decisions to own cars. 
The CBD variable is the strongest indicator of vehicle non-ownership in Melbourne, 
and this is due to the balance in land use development. Urban sprawl is regarded as the 
most important criterion affecting decisions made by commuters about car mode use in 
comparison to PT modes. Both mass transit and non-car modes require further 
development in order to support larger-scale use (O’Connor & Healy 2004). 
In terms of recommendations, this study has highlighted useful findings, applicable to 
cities in developed (Melbourne) and developing (Riyadh) countries. The transformation 
from monocentric structures with high employment and population densities, to 
polycentric structures with urban sprawl-oriented layouts and low employment and 
population densities has changed both cities. The use of a polycentric structure, or 
compact form, drawing on a strong PT system, with subsequent high employment and 
population density would be of benefit. This could be maintained through a more 
effective switch to sustainable urban planning, self-containment, lower rates of vehicle 
dependence and improved use of PT modes. PT modes would be of greatest benefit 
when considering sustainable transport alternatives. 
8.2.2 How can we model the shift from monocentric structure to polycentric structure?  
Spatial and transport models have been developed to investigate the shift from 
monocentric structure to polycentric structure. The traditional four-step travel demand 
modelling was used to forecast future trips. The four steps are: trip generation, trip 
distribution, modal split and traffic assignments.  
The data used in this model were sourced from MOR (2008) for Riyadh and from DOT 
(2008) for Melbourne. In this model, a comparison study has been applied to investigate 
the potential benefits of a shift from a monocentric to a polycentric city structure. An 
attempt was made to use similar period sof data and similar explanatory parameters in 
order to minimize errors.   
In Riyadh, HBW trip generation is predicted to increase sharply by 79 per cent by 2030, 
while NHBW trip generation is predicted to increase by 65 per over the same period. In 
 227 
 
Melbourne, HBW trip generation is predicted to increase by 29 per cent, compared to 
the predicted increase in NHBW trip generation by 30 per cent by 2030. 
This difference the modelling results for these two cities is due to the variation in data 
collection between them. In Riyadh, the large predicted change in future trip generation 
is due to the growth in population, with households expected to increase by 78 per cent, 
compared to the 29 per cent predicted increase in Melbourne. Trip distribution and 
modal split modelled perfectly and the latter results were validated based on the cross-
classification technique. The same periods of data were used for calibration and 
validation of the model. Data were split into two sections, 80% of the data being used 
for calibration and the remainder for validation. Similar parameters were used in the 
model for both Riyadh and Melbourne to produce robust results and minimise the errors 
of comparison. 
8.2.3 What urban form offers optimal transport outcomes? 
Chapter 7 focused on comparative modelling to analyse the transformation from a 
monocentric to a polycentric structure, and equally, from a private to a PT mode- 
oriented city. This analysis used data from the MOR (2008) for Riyadh and the DOT 
(2008) for Melbourne. The results suggest that concentrated employment and 
population densities, resulting from planning for key ACs, are of benefit for the 
reduction of car trip distances. However, in contrast to the published research (Burke, Li 
& Dodson 2011; Hanssen 1995; Schwanen, Dieleman & Dijst 2001), this research 
indicates that a strong planning approach to decentralised population and employment 
will in fact support better PT use. In particular, a clustering of population and 
employment it will better serve sub-centres located near to PT stations. 
With the exception of Scenario 3, private mode trip rates decreased. Scenario 3 had a 
polycentric approach, leading to the largest decrease in private mode trip compared to 
base year 2030 for both cities. This suggests that the redistribution of employment and 
population to sub-centres, assuming a high level of accessibility, population and 
employment densities, will ultimately create high mode shares for commuters’ use of 
PT. While this is a different result to the traditional literature on polycentric and/or 
decentralisation approaches, the modelling shows that the increased percentage of 
suburb-to-suburb commutes in both cities does not lead to increased rate of car use 
(Aguiléra et al., 2009).  
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The private mode share was the lowest across all scenarios and for all purposes relative 
to the base year 2030. For Melbourne and Riyadh, Scenario 3 had the highest rate of PT 
share for HBW purposes; yet for NHBW purposes, the PT share rate did not increase in 
Riyadh. This suggests that clustering employment and population in key ACs near to PT 
stations will support the use of PT modes. Moreover, walk trips increased in various 
scenarios for both Riyadh and Melbourne. This suggests that self-containment will 
assist the restructuring of population and employment densities. The modelling used 
PKT in terms of traffic congestion. For both cities, trip distances by private modes 
decreased for all scenarios. In addition, for Scenario 3, there was a greater decrease 
relative to Scenarios 1 and 2. This indicates the impact of mixed land use on decreasing 
trip distances. 
For Melbourne, PT trip distances further decreased in all scenarios and for all trip 
purposes, while in Riyadh, these increased for HBW trips and decreased for NHBW 
trips in Scenario 3. Trip time is indicative of congestion, and in both Riyadh and 
Melbourne Scenario 3 highlights a significant decrease in the number of vehicle 
kilometres travelled for both HBW and NHBW trips. The reduced travel time is better 
for Riyadh than Melbourne when travelling by car, which means that vehicles travel 
faster across the network in all scenarios, particularly Scenario 3. The model highlights 
that strong planning and supported employment decentralisation will only assist transit 
use if employment is clustered at key ACs at transit nodes. This may necessitate cross-
suburban bus links. The results reported in the literature reflect this, and suggest that the 
model will predict a reduced total travel time and distance, both of which are important 
savings for commuters. Reduced travel distance is particularly clear in terms of vehicle 
kilometres travelled by private vehicles, and this has been reflected in Stockholm 
(Burke et al., 2010). Relative to Scenarios 1 and 2, the PT time savings are much greater 
in Scenario 3. Comparatively, Riyadh has a smaller total travel time saving than 
Melbourne across all scenarios, as the PT mode operates over a greater area of 
Melbourne than in Riyadh. Walk-time savings are again higher for Melbourne for 
NHBW trips, and HBW walk time travelled increased at a greater rate in Riyadh than in 
Melbourne. 
8.2.4 What is the impact of urban form on accessibility across a city? 
Chapter 7 also examined the changes in accessibility experienced in Melbourne and 
Riyadh as they transform from monocentric to polycentric cities. The findings highlight 
that planned and concentrated employment and population densities in key ACs are 
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important in creating access benefits for car use. The results also demonstrate that the 
coordinated redistribution of activity and households will lead to the best transport 
outcomes in terms of car accessibility. This combination would also lead to decreased 
travel consumption, especially in terms of PT travel, while supporting greater levels of 
walking trips. 
The major implications of the research indicate that for both Melbourne and Riyadh the 
coordination of activity and residential areas into redistributed, polycentric structures 
will lead to positive outcomes for the creation of on-going and sustainable transport 
options. 
8.3 Summary 
Table 8.1 shows the best scenarios as determined on the basis of several indicators that 
create a significant comparison between different scenarios. Scenario 3 (S3) was the 
dominant scenario compared to Scenarios 1 and 2 in terms of the lowest car trip rate, 
PKT by car rate, PKT by PT rate, lowest PHT by car rate, lowest PHT by PT rate and 
high accessibility. This means that concentrated residential and activity zones in one 
location reduce traffic congestion and trip length and increase accessibility. However, 
Scenario 1 was better than Scenarios 2 and 3, because walk trips increase sharply, 
which causes a modest reduction in PT trips in Scenario 3. 
Table 8.1: Summary of the best scenarios based on the modelling output 
Indicators 
Melbourne Riyadh 
Best 
scenario 
(HBW) 
Best 
scenario 
(NHBW) 
Best scenario 
(HBW) 
Best scenario 
(NHBW) 
Lowest car trips S1-S3 S3 S3 S3 
Highest PT trips S1 S1-S3 S1 S1 
Highest walk 
trips S3 S3 S3 S3 
Lowest PKT. car S3 S3 S3 S3 
Lowest PKT. PT S3 S3 S3 S3 
Lowest PHT. car S3 S3 S3 S3 
Lowest PHT. PT S3 S3 S3 S3 
High 
accessibility S3 S3 
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Table 8.2 below shows the optimal urban form to reduce traffic congestion and trip 
length and improve accessibility levels. For both Melbourne and Riyadh the findings 
indicate that the best result in terms of travel efficiency, environment and accessibility 
can be achieved when urban growth is directed towards Scenario 3. To achieve Scenario 
3, urban policy needs to be broadened to include activities relocated within a 
polycentric structure, as well as residential relocation balanced with activity locations 
and households in activity centres. 
Table 8.2: Summaries of model outcomes in Melbourne and Riyadh 
Indicators Measurements  
Melbourne Riyadh 
Best scenario Best scenario 
Efficiency (congestion) PHT S3 S3 
Environmental PKT S3 S3 
Sustainable urban 
development Accessibility 
S3 S3 
 
This thesis started with three research objectives. These were addressed as follows: 
 To identify an optimal urban structure. Rapid urban growth increases urban 
sprawl, which causes traffic problems such as congestion.  
 To quantify the potential benefits of shifting towards efficient urban forms. 
 To contribute to a better understanding of the urban policy structures of Riyadh 
and Melbourne. 
Melbourne and Riyadh are different in the following aspects:  
 Public transport use 
 Walking characteristics  
 Different values 
However, they are similar in the following aspects: 
 Active policy debate on urban restructuring 
 Population size 
 Urban form 
 High rate of car ownership  
 High rate of car trip 
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This research showed from the analysis that Melbourne and Riyadh converge towards 
the same optimal scenario with regards to urban structure. It hints that the contribution 
in this study is potentially universal and applicable in other urban cultural context.  
8.4 Future Directions 
The research can be developed in the following areas:  
 In this study, various sources of data inputs have been used for several 
investigations such as quantification, modelling, calibration, and 
validation. Further research on the data quality is essential to elaborate on how 
the different sources might have affected land use transportation interaction 
model calibration and validation. 
 
 Traffic assignment or route choice concerns the selection of routes (also called 
paths) between origins and destinations in transportation networks. Network 
assignment can be developed in order to assess the impact of urban restructure 
on the capacity of the actual network.  
 Investigate different policy interventions to test the capability of the new 
approach to land use and transport to face land use and transport challenges such 
as rapid urban growth in developed and developing countries with mixed land 
use and alternative transport mode systems to encourage sustainable urban form 
and transport systems.  
 The application of an integrated land use transport model to model new urban 
structures and their effects on traffic by developing detailed spatial and transport 
model to assess cross-commuting between new sub-centres in a polycentric 
structure.  
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Appendix 
 Regression analysis for modal split for Melbourne (SPSS). 
 
Variables Public transport share Car share 
Sign Coefficient Significance Sign Coefficient Significance 
Constant + 14.469 0.000 + 79.4 0.000 
Population density + 0.001 0.000 - 0.001 0.011 
Public transport coverage + 0.045 0.000 - 0.105 0.000 
Distance to CBD - 0.205 0.000 + 0.312 0.000 
HH3Plus - 0.106 0.000 + 0.125 0.000 
Adjusted R2 0.781 0.664 
 
 Regression analysis for average commuting distance in Melbourne 
 
Variables Public transport average commuting 
distance 
Car average commuting distance 
Sign Coefficient Significance Sign Coefficient Significance 
Constant - 3.202 0.032 + 6.731 0.000 
Public transport coverage + 0.01 0.000 - - - 
Distance to CBD + 0.655 0.000 + 0.553 0.000 
HH3Plus + 0.187 0.000 - 0.108 0.000 
High income - - - + 0.255 0.000 
Adjusted R2 0.653 0.783 
 
 Riyadh Car Ownership Model Results (Biogeme) 
biogeme 2.0 [Sat Oct 30 17:26:53 CEDT 2010] 
Michel Bierlaire, EPFL 
This file has automatically been generated. 
01/13/12 18:59:28 
Tip: click on the columns headers to sort a table [Credits] 
Model: MNL 
Number of estimated parameters: 15 
Number of observations: 8084 
Number of individuals: 8084 
Null log-likelihood: -11206.804 
Cte log-likelihood: -9013.249 
Init log-likelihood: -11206.804 
Final log-likelihood: -7435.699 
Likelihood ratio test: 11889.639 
Rho-square: 0.337 
Adjusted rho-square: 0.335 
Final gradient norm: +2.289e+002 
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Diagnostic: Maximum number of iterations reached 
Iterations: 1000 
Run time: 04:01 
Variance-covariance: from analytical hessian  
Sample file: FinalDataCarownershipMODEL.dat 
Utility parameters 
Name  Value Std err t-test p-value Robust Std err Robust t-test p-value 
ASC1 0.00 fixed 
ASC2 3.05 0.101 33.96 0.00 0.0915 33.40 0.00 
ASC3 1.27 0.123 11.34 0.00 0.116 10.68 0.00 
ASC4 0.297 0.172 2.23 0.00 0.139 25.54 0.00 
BETA1 0.905 0.115 7.35 0.00 0.120 5.32 0.00 
BETA10 0.404 0.0951 4.08 0.00 0.0710 10.53 0.00 
BETA11 0.229 0.0704 3.16 0.00 0.0547 4.87 0.00 
BETA2 0.719 0.154 6.20 0.00 0.154 11.59 0.00 
BETA3 1.51 0.165 14.71 0.00 0.112 3.37 0.00 
BETA4 0.323 1.23 3.93 0.00 0.0242 3.95 0.00 
BETA5 0.326 0.0708 5.85 0.00 0.0482 8.07 0.00 
BETA6 1.71 0.0129 23.29 0.00 0.0123 5.30 0.00 
BETA7 0.910 0.0730 9.92 0.00 0.0800 8.11 0.00 
BETA8 2.53 1.14 28.98 0.00 0.0254 12.52 0.00 
BETA9 0.176 0.122 2.31 0.00 0.0882 9.00 0.00 
Utility functions 
Id Name Availability Specification 
1 Alt1 av1 ASC1 * one + BETA1 * NSAUDI + BETA2 * CBD + BETA3 * MDI 
2 Alt2 av2 ASC2 * one + BETA4 * NSAUDI + BETA5 * MINC 
3 Alt3 av3 ASC3 * one + BETA6 * HVILL + BETA7 * HFVILL + BETA9 * SAUDI 
4 Alt4 av4 ASC4 * one + BETA8 * HVILL + BETA10 * SAUDI + BETA11 * LICENSE
 Melbourne Car ownership model results 
biogeme 2.0 [Sat Oct 30 17:26:53 CEDT 2010] 
Michel Bierlaire, EPFL 
This file has automatically been generated. 
03/08/12 11:03:49 
Tip: click on the columns headers to sort a table [Credits] 
Example of a model specification file for MNL  
This file contains the minimum model description needed by BIOGEME 
Note that ASC1 is constrained to 0.0 and will not be estimated  
Model: MNL 
Number of estimated parameters: 15 
Number of observations: 5753 
Number of individuals: 5753 
Null log-likelihood: -7975.351 
Cte log-likelihood: -7000.834 
Init log-likelihood: -7975.351 
Final log-likelihood: -6540.517 
Likelihood ratio test: 2869.670 
Rho-square: 0.180 
Adjusted rho-square: 0.178 
Final gradient norm: +3.973e-002 
Diagnostic: Convergence reached... 
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Iterations: 7 
Run time: 00:02 
Variance-covariance: from analytical hessian  
Sample file: Car ownership Model5800.dat
Utility parameters 
Name  Value Std err t-test p-value Robust Std err Robust t-test p-value 
ASC1 0.00 fixed 
ASC2 1.54 0.171 9.00 0.00 0.177 8.70 0.00 
ASC3 0.637 0.195 3.26 0.00 0.200 3.18 0.00 
ASC4 -1.69 0.162 -10.41 0.00 0.159 -10.64 0.00 
BETA1 1.06 0.116 9.12 0.00 0.114 9.25 0.00 
BETA10 1.01 0.181 5.60 0.00 0.183 5.53 0.00 
BETA11 1.41 0.103 13.73 0.00 0.104 13.60 0.00 
BETA12 0.541 0.0326 16.58 0.00 0.0293 18.44 0.00 
BETA2 0.445 0.112 3.99 0.00 0.106 4.21 0.00 
BETA3 0.0618 0.0210 2.94 0.00 0.0207 2.98 0.00 
BETA4 0.727 0.332 2.19 0.03 0.328 2.22 0.03 
BETA5 -0.355 0.128 -2.77 0.01 0.131 -2.71 0.01 
BETA6 0.555 0.156 3.56 0.00 0.159 3.49 0.00 
BETA7 0.683 0.216 3.17 0.00 0.212 3.22 0.00 
BETA8 0.357 0.134 2.66 0.01 0.136 2.62 0.01 
BETA9 0.707 0.0613 11.53 0.00 0.0615 11.49 0.00 
Utility functions 
Id Name Availability Specification 
1 Alt1 av1 ASC1 * one + BETA1 * SINGLE + BETA2 * APPART + BETA3 * MDI + BETA4 
* CBD 
2 Alt2 av2 ASC2 * one + BETA5 * CASUALWORK + BETA6 * LICENSE + BETA7 * CBD + BETA8 * LINC 
3 Alt3 av3 ASC3 * one + BETA9 * HINC + BETA10 * LICENSE 
4 Alt4 av4 ASC4 * one + BETA11 * HINC + BETA12 * PERSONS 
 
 Riyadh Mode Choice Multinomial Logic Model Results 
biogeme 2.0 [Sat Oct 30 17:26:53 CEDT 2010] 
1.1. Michel Bierlaire, EPFL 
This file has automatically been generated. 
06/20/12 17:33:19 
Tip: click on the columns headers to sort a table [Credits] 
Example of a model specification file for MNL  
This file contains the minimum model description needed by BIOGEME 
Note that ASC1 is constrained to 0.0 and will not be estimated  
Model: MNL 
Number of estimated parameters: 12 
Number of observations: 12965 
Number of individuals: 12965 
Null log-likelihood: -8986.653 
Cte log-likelihood: -3177.277 
Init log-likelihood: -8986.653 
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Final log-likelihood: -1815.428 
Likelihood ratio test: 14342.451 
Rho-square: 0.798 
Adjusted rho-square: 0.797 
Final gradient norm: +9.468e-003 
Diagnostic: Convergence reached... 
Iterations: 20 
Run time: 00:08 
Variance-covariance: from analytical hessian 
Sample file: RiyadhModeChoice.DAT 
Utility parameters 
Name  Value Std err t-test p-value Robust Std err Robust t-test p-value 
BETA1 0.516 0.155 3.32 0.00 0.156 -3.31 0.00 
BETA15 -0.558 0.121 -4.61 0.00 0.125 -4.48 0.00 
BETA16 3.15 0.0996 31.56 0.00 0.105 30.10 0.00 
BETA2 -2.44 0.221 -11.05 0.00 0.226 -10.80 0.00 
BETA3 0.278 0.144 1.93 0.05 * 0.143 1.95 0.05 * 
BETA4 5.04 0.711 7.09 0.00 0.709 7.11 0.00 
BETA5 1.17 0.260 4.50 0.00 0.243 4.81 0.00 
BETA6 0.346 0.0882 3.92 0.00 0.0882 3.92 0.00 
BETA7 0.701 0.165 4.24 0.00 0.170 4.13 0.00 
BETA8 2.66 0.223 11.89 0.00 0.233 11.40 0.00 
BETA9 2.47 0.174 14.23 0.00 0.185 13.36 0.00 
BUS -7.65 0.752 -10.18 0.00 0.796 -9.61 0.00 
CAR 0.00 fixed 
Utility functions 
Id Name Availability Specification 
1 Alt1 av1 CAR * one + BETA1 * HINC + BETA2 * AGE18-34 + BETA5 * FVILLA + BETA7 * INNER + BETA9 * SAUDI + BETA16 * LICENSE 
2 Alt2 av2 BUS * one + BETA3 * MINC + BETA4 * MALE + BETA15 * OUTER + BETA8 * AGE35-54 + BETA6 * DIST6 
 
 Melbourne Mode Choice Multinomial Logic Model Results 
 
biogeme 2.0 [Sat Oct 30 17:26:53 CEDT 2010] 
Michel Bierlaire, EPFL 
This file has automatically been generated. 
06/10/12 11:51:04 
Tip: click on the columns headers to sort a table [Credits] 
Example of a model specification file for MNL  
This file contains the minimum model description needed by BIOGEME 
Note that ASC1 is constrained to 0.0 and will not be estimated  
Model: MNL 
Number of estimated parameters: 24 
Number of observations: 9579 
Number of individuals: 9579 
Null log-likelihood: -13279.314 
Cte log-likelihood: -4774.019 
Init log-likelihood: -13279.314 
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Final log-likelihood: -4008.873 
Likelihood ratio test: 18540.881 
Rho-square: 0.698 
Adjusted rho-square: 0.696 
Final gradient norm: +1.828e-002 
Diagnostic: Convergence reached... 
Iterations: 41 
Run time: 00:33 
Variance-covariance: from analytical hessian 
Sample file: MELBOURNEMODECHOICE.DAT
Utility parameters 
Name  Value Std err t-test p-value Robust Std err Robust t-test p-value 
BETA1 -0.580 0.241 -2.41 0.02 0.236 -2.45 0.01 
BETA10 -0.0214 0.00363 -5.88 0.00 0.00360 -5.93 0.00 
BETA11 -0.247 0.113 -2.17 0.03 0.115 -2.15 0.03 
BETA12 0.685 0.249 2.75 0.01 0.242 2.82 0.00 
BETA13 0.903 0.475 1.90 0.06 * 0.483 1.87 0.06 * 
BETA14 -0.559 0.241 -2.32 0.02 0.239 -2.34 0.02 
BETA16 2.08 0.590 3.53 0.00 0.599 3.47 0.00 
BETA17 -0.752 0.380 -1.98 0.05 0.378 -1.99 0.05 
BETA18 0.655 0.221 2.96 0.00 0.220 2.97 0.00 
BETA19 -0.557 0.0677 -8.22 0.00 0.0683 -8.15 0.00 
BETA2 0.0240 0.00182 13.18 0.00 0.00183 13.15 0.00 
BETA20 -0.420 0.171 -2.46 0.01 0.172 -2.44 0.01 
BETA21 0.771 0.328 2.35 0.02 0.338 2.28 0.02 
BETA22 1.01 0.413 2.44 0.01 0.424 2.37 0.02 
BETA23 0.360 0.0817 4.40 0.00 0.0821 4.39 0.00 
BETA3 2.03 0.464 4.39 0.00 0.474 4.29 0.00 
BETA5 0.384 0.0763 5.04 0.00 0.0771 4.98 0.00 
BETA6 0.616 0.135 4.57 0.00 0.137 4.50 0.00 
BETA7 -0.114 0.0135 -8.48 0.00 0.0162 -7.05 0.00 
BETA8 -1.17 0.104 -11.22 0.00 0.103 -11.34 0.00 
BETA9 0.0361 0.00596 6.06 0.00 0.00589 6.13 0.00 
BUS -5.79 0.241 -23.99 0.00 0.226 -25.65 0.00 
CAR 0.00 fixed 
TRAIN -4.53 0.132 -34.25 0.00 0.122 -37.08 0.00 
TRAM -5.94 0.401 -14.80 0.00 0.331 -17.92 0.00 
 
Utility functions 
Id Name Availability Specification 
1 Alt1 av1 CAR * one + BETA1 * INNER + BETA5 * SEPARATE + BETA8 * DIST6 + BETA10 * PTCOVARGE + BETA19 * AGE18-34 + BETA23 * TOWN 
2 Alt2 av2 TRAIN * one + BETA2 * DIST + BETA6 * SINGLE + BETA11 * AGE55-74 + BETA12 * INNER + BETA13 * CBD 
3 Alt3 av3 TRAM * one + BETA3 * INNER + BETA7 * DIST + BETA14 * PARTTIMEWORK + BETA16 * CBD + BETA9 * PTCOVARGE + BETA20 * CNKIDS 
4 Alt4 av4 BUS * one + BETA17 * OUTER + BETA18 * PARTTIMEWORK + BETA21 * ONEPARENT + BETA22 * LINC 
 
 Melbourne Mode Choice Nested Loig Model Results (1,24,3) 
biogeme 2.0 [Sat Oct 30 17:26:53 CEDT 2010] 
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Michel Bierlaire, EPFL 
This file has automatically been generated. 
06/08/12 14:08:26 
Tip: click on the columns headers to sort a table [Credits] 
Example of a NL model 
normalized from the top 
Model: NL 
Number of estimated parameters: 24 
Number of observations: 9579 
Number of individuals: 9579 
Null log-likelihood: -13279.314 
Cte log-likelihood: -4774.019 
Init log-likelihood: -16644.965 
Final log-likelihood: -3955.915 
Likelihood ratio test: 18646.797 
Rho-square: 0.702 
Adjusted rho-square: 0.700 
Final gradient norm: +2.937e-002 
Diagnostic: Convergence reached... 
Iterations: 47 
Run time: 00:28 
Variance-covariance: from finite difference hessian
Sample file: MELBOURNEMODECHOICE.DAT 
Utility parameters 
Name  Value Std err t-test p-value Robust Std err Robust t-test p-value 
BETA1 -1.28 0.175 -7.28 0.00 0.180 -7.07 0.00 
BETA10 0.231 0.0597 3.86 0.00 0.0616 3.75 0.00 
BETA11 -0.244 0.120 -2.03 0.04 0.121 -2.01 0.04 
BETA12 1.77 0.233 7.62 0.00 0.247 7.18 0.00 
BETA13 1.87 0.468 4.00 0.00 0.496 3.77 0.00 
BETA14 -0.497 0.206 -2.41 0.02 0.207 -2.40 0.02 
BETA16 2.54 0.525 4.85 0.00 0.533 4.77 0.00 
BETA17 -2.32 0.385 -6.02 0.00 0.390 -5.93 0.00 
BETA18 0.628 0.195 3.21 0.00 0.200 3.14 0.00 
BETA19 -0.565 0.106 -5.30 0.00 0.108 -5.23 0.00 
BETA2 0.0181 0.00216 8.38 0.00 0.00234 7.74 0.00 
BETA20 -0.318 0.149 -2.14 0.03 0.149 -2.13 0.03 
BETA21 0.682 0.284 2.40 0.02 0.308 2.21 0.03 
BETA22 0.809 0.343 2.35 0.02 0.352 2.30 0.02 
BETA3 3.03 0.420 7.20 0.00 0.428 7.07 0.00 
BETA5 0.251 0.0574 4.38 0.00 0.0585 4.29 0.00 
BETA6 0.466 0.105 4.44 0.00 0.108 4.30 0.00 
BETA7 -0.103 0.0123 -8.40 0.00 0.0139 -7.39 0.00 
BETA8 -0.739 0.0943 -7.83 0.00 0.102 -7.23 0.00 
BETA9 0.0458 0.00453 10.11 0.00 0.00446 10.25 0.00 
BUS -4.19 0.225 -18.64 0.00 0.244 -17.19 0.00 
CAR 0.00 fixed 
TRAIN -3.83 0.396 -9.66 0.00 0.434 -8.82 0.00 
TRAM -5.59 0.490 -11.41 0.00 0.466 -11.99 0.00 
Homogeneity parameter (mu) 
Value Std 
err 
t-
test0 
p-
value 
t-
test1
p-
value
Robust 
Std err 
Robust t-
test0 
p-
value 
Robust t-
test1 
p-
value
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1.56874 0.171 9.19 0.00 3.33 0.00 0.188 8.35 0.00 3.02787 0.00 
Model parameters 
Name Value Std 
err 
t-
test 
0 
p-
value
t-
test 
1 
p-
value
Robust 
Std err 
Robust t-
test 0 
p-
value 
Robust t-
test 1 
p-
value
NESTA 1.01 fixed 
NESTB 1.01 fixed 
Utility functions 
Id Name Availability Specification 
1 Alt1 av1 CAR * one + BETA1 * OUTER + BETA5 * SEPARATE + BETA8 * DIST6 + BETA19 * AGE18-34 + BETA10 * TOWN 
2 Alt2 av2 TRAIN * one + BETA2 * DIST + BETA6 * SINGLE + BETA11 * AGE18-34 + BETA12 * INNER + BETA13 * CBD 
3 Alt3 av3 TRAM * one + BETA3 * INNER + BETA7 * DIST + BETA14 * PARTTIMEWORK + BETA16 * CBD + BETA9 * PTCOVARGE + BETA20 * CNKIDS 
4 Alt4 av4 BUS * one + BETA17 * OUTER + BETA18 * PARTTIMEWORK + BETA21 * ONEPARENT + BETA22 * LINC 
 
 Melbourne Mode Choice NL Model Results (1,34,2) 
biogeme 2.0 [Sat Oct 30 17:26:53 CEDT 2010] 
Michel Bierlaire, EPFL 
This file has automatically been generated. 
06/08/12 13:50:49 
Tip: click on the columns headers to sort a table [Credits] 
Example of a NL model 
normalized from the top 
Model: NL 
Number of estimated parameters: 24 
Number of observations: 9579 
Number of individuals: 9579 
Null log-likelihood: -13279.314 
Cte log-likelihood: -4774.019 
Init log-likelihood: -14911.704 
Final log-likelihood: -3961.433 
Likelihood ratio test: 18635.762 
Rho-square: 0.702 
Adjusted rho-square: 0.700 
Final gradient norm: +3.836e-002 
Diagnostic: Convergence reached... 
Iterations: 57 
Run time: 00:33 
Variance-covariance: from finite difference hessian
Sample file: MELBOURNEMODECHOICE.DAT 
Utility parameters 
Name  Value Std err t-test p-value Robust Std err Robust t-test p-value 
BETA1 -1.16 0.196 -5.91 0.00 0.185 -6.28 0.00 
BETA10 -0.0106 0.00323 -3.27 0.00 0.00335 -3.16 0.00 
BETA11 -0.166 0.0801 -2.07 0.04 0.0812 -2.04 0.04 
BETA12 1.70 0.253 6.74 0.00 0.236 7.20 0.00 
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BETA13 1.70 0.389 4.37 0.00 0.380 4.48 0.00 
BETA14 0.244 0.118 2.06 0.04 0.117 2.09 0.04 
BETA16 2.64 0.511 5.16 0.00 0.491 5.37 0.00 
BETA17 -1.69 0.417 -4.06 0.00 0.431 -3.92 0.00 
BETA18 0.444 0.180 2.47 0.01 0.190 2.33 0.02 
BETA19 -0.350 0.0705 -4.97 0.00 0.0705 -4.97 0.00 
BETA2 0.0178 0.00283 6.30 0.00 0.00280 6.36 0.00 
BETA20 -0.358 0.135 -2.66 0.01 0.138 -2.59 0.01 
BETA21 0.587 0.247 2.37 0.02 0.261 2.25 0.02 
BETA22 0.695 0.313 2.22 0.03 0.322 2.16 0.03 
BETA3 2.92 0.427 6.85 0.00 0.408 7.16 0.00 
BETA5 0.164 0.0519 3.16 0.00 0.0516 3.18 0.00 
BETA6 0.452 0.110 4.11 0.00 0.110 4.11 0.00 
BETA7 -0.0854 0.0130 -6.56 0.00 0.0140 -6.10 0.00 
BETA8 -0.750 0.118 -6.37 0.00 0.118 -6.35 0.00 
BETA9 0.0282 0.00509 5.55 0.00 0.00507 5.57 0.00 
BUS -3.91 0.435 -9.00 0.00 0.429 -9.12 0.00 
CAR 0.00 fixed 
TRAIN -3.94 0.544 -7.23 0.00 0.530 -7.43 0.00 
TRAM -5.38 0.634 -8.48 0.00 0.599 -8.98 0.00 
Homogeneity parameter (mu) 
Value Std 
err 
t-
test0 
p-
value 
t-
test1
p-
value
Robust 
Std err 
Robust t-
test0 
p-
value 
Robust t-
test1 
p-
value
1.48003 0.199 7.45 0.00 2.42 0.02 0.194 7.62 0.00 2.47175 0.01 
Model parameters 
Name Value Std 
err 
t-
test 
0 
p-
value
t-
test 
1 
p-
value
Robust 
Std err 
Robust t-
test 0 
p-
value 
Robust t-
test 1 
p-
value
NESTA 1.01 fixed 
NESTB 1.01 fixed 
NESTC 1.01 fixed 
Utility functions 
Id Name Availability Specification 
1 Alt1 av1 CAR * one + BETA1 * OUTER + BETA5 * SEPARATE + BETA8 * DIST6 + BETA10 * PTCOVARGE + BETA19 * AGE18-34 
2 Alt2 av2 TRAIN * one + BETA2 * DIST + BETA6 * SINGLE + BETA11 * AGE55-74 + BETA12 * INNER + BETA13 * CBD 
3 Alt3 av3 TRAM * one + BETA3 * INNER + BETA7 * DIST + BETA14 * AGE18-34 + BETA16 * CBD + BETA9 * PTCOVARGE + BETA20 * CNKIDS 
4 Alt4 av4 BUS * one + BETA17 * OUTER + BETA18 * PARTTIMEWORK + BETA21 * ONEPARENT + BETA22 * LINC 
 
 Melbourne Mode Choice NL Model Results (12,34) 
biogeme 2.0 [Sat Oct 30 17:26:53 CEDT 2010] 
Michel Bierlaire, EPFL 
This file has automatically been generated. 
06/08/12 13:56:54 
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Tip: click on the columns headers to sort a table [Credits] 
Example of a NL model 
normalized from the top 
Model: NL 
Number of estimated parameters: 24 
Number of observations: 9579 
Number of individuals: 9579 
Null log-likelihood: -13279.314 
Cte log-likelihood: -4774.019 
Init log-likelihood: -13279.314 
Final log-likelihood: -3961.362 
Likelihood ratio test: 18635.904 
Rho-square: 0.702 
Adjusted rho-square: 0.700 
Final gradient norm: +1.090e-002 
Diagnostic: Convergence reached... 
Iterations: 42 
Run time: 00:26 
Variance-covariance: from finite difference hessian
Sample file: MELBOURNEMODECHOICE.DAT 
Utility parameters 
Name  Value Std err t-test p-value Robust Std err Robust t-test p-value 
BETA1 -1.72 0.177 -9.69 0.00 0.163 -10.54 0.00 
BETA10 -0.0161 0.00361 -4.46 0.00 0.00363 -4.43 0.00 
BETA11 -0.224 0.111 -2.01 0.04 0.113 -1.99 0.05 
BETA12 2.51 0.176 14.23 0.00 0.157 15.96 0.00 
BETA13 2.47 0.493 5.02 0.00 0.494 5.01 0.00 
BETA14 -0.495 0.205 -2.41 0.02 0.204 -2.42 0.02 
BETA16 3.12 0.523 5.97 0.00 0.494 6.33 0.00 
BETA17 -2.45 0.344 -7.13 0.00 0.344 -7.13 0.00 
BETA18 0.578 0.187 3.09 0.00 0.188 3.07 0.00 
BETA19 -0.549 0.0636 -8.64 0.00 0.0626 -8.77 0.00 
BETA2 0.0269 0.00195 13.81 0.00 0.00200 13.47 0.00 
BETA20 -0.398 0.148 -2.69 0.01 0.149 -2.67 0.01 
BETA21 0.629 0.275 2.29 0.02 0.287 2.19 0.03 
BETA22 0.780 0.343 2.27 0.02 0.352 2.21 0.03 
BETA3 3.46 0.396 8.74 0.00 0.361 9.58 0.00 
BETA5 0.223 0.0657 3.40 0.00 0.0666 3.35 0.00 
BETA6 0.671 0.133 5.03 0.00 0.135 4.97 0.00 
BETA7 -0.100 0.0128 -7.86 0.00 0.0145 -6.91 0.00 
BETA8 -0.960 0.104 -9.19 0.00 0.109 -8.84 0.00 
BETA9 0.0287 0.00590 4.86 0.00 0.00582 4.93 0.00 
BUS -4.54 0.343 -13.23 0.00 0.345 -13.15 0.00 
CAR 0.00 fixed 
TRAIN -5.70 0.195 -29.29 0.00 0.167 -34.13 0.00 
TRAM -6.12 0.505 -12.13 0.00 0.446 -13.71 0.00 
Homogeneity parameter (mu) 
Value Std 
err 
t-
test0 
p-
value 
t-
test1
p-
value
Robust 
Std err 
Robust t-
test0 
p-
value 
Robust t-
test1 
p-
value
1.28358 0.128 10.00 0.00 2.21 0.03 0.127 10.08 0.00 2.22768 0.03 
Model parameters 
Name Value Std 
err 
t-
test 
p-
value
t-
test 
p-
value
Robust 
Std err 
Robust t-
test 0 
p-
value 
Robust t-
test 1 
p-
value
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0 1 
NESTA 1.01 fixed 
NESTB 1.01 fixed 
Utility functions 
Id Name Availability Specification 
1 Alt1 av1 CAR * one + BETA1 * OUTER + BETA5 * SEPARATE + BETA8 * DIST6 + BETA10 * PTCOVARGE + BETA19 * AGE18-34 
2 Alt2 av2 TRAIN * one + BETA2 * DIST + BETA6 * SINGLE + BETA11 * AGE55-74 + BETA12 * INNER + BETA13 * CBD 
3 Alt3 av3 TRAM * one + BETA3 * INNER + BETA7 * DIST + BETA14 * PARTTIMEWORK + BETA16 * CBD + BETA9 * PTCOVARGE + BETA20 * CNKIDS 
4 Alt4 av4 BUS * one + BETA17 * OUTER + BETA18 * PARTTIMEWORK + BETA21 * ONEPARENT + BETA22 * LINC 
 
Model Results 
 Melbourne HBW Trip Production  
SUMMARY 
OUTPUT 
Regression Statistics 
Multiple R  0.99851 
R Square  0.997023 
Adjusted  R 
Square  0.996578 
Standard Error  25.17391 
Observations  2253 
ANOVA 
   df  SS  MS  F 
Significance 
F 
Regression  1  4.78E+08 
4.78E+0
8 
754094.
4  0 
Residual  2252  1427150 
633.725
7 
Total  2253  4.79E+08          
  
Coefficien
ts 
Standard 
Error  t Stat  P‐value  Lower 95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
Employed‐rsident  0.382064  0.00044 
868.386
1  0  0.381201  0.382927  0.381201  0.382927 
 
 Melbourne HBW Trip Attraction  
SUMMARY 
OUTPUT 
Regression Statistics 
Multiple R  0.981519 
R Square  0.963379 
Adjusted  R 
Square  0.962935 
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Standard Error  128.0661 
Observations  2253 
ANOVA 
   df  SS  MS  F 
Significance 
F 
Regression  1  9.72E+08 
9.72E+0
8 
59242.5
8  0 
Residual  2252  36934897 
16400.9
3 
Total  2253  1.01E+09          
  
Coefficien
ts 
Standard 
Error  t Stat  P‐value  Lower 95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
EMP_TOTAL  0.354685  0.001457  243.398  0  0.351828  0.357543  0.351828  0.357543 
 
 Melbourne NHBW Trip Production 
SUMMARY 
OUTPUT 
Regression Statistics 
Multiple R  0.985982 
R Square  0.97216 
Adjusted  R 
Square  0.971691 
Standard Error  186.4549 
Observations  2253 
ANOVA 
   df  SS  MS  F 
Significance 
F 
Regression  3  2.73E+09 
9.11E+0
8 
26189.9
9  0 
Residual  2250  78222207 
34765.4
3 
Total  2253  2.81E+09          
  
Coefficien
ts 
Standard 
Error  t Stat  P‐value  Lower 95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
HH  0.484788  0.012139 
39.9372
5 
4.1E‐
264  0.460984  0.508592  0.460984  0.508592 
EMP_TOTAL  0.186766  0.002376 
78.6155
6  0  0.182107  0.191424  0.182107  0.191424 
DEP0_17  0.887196  0.019077 
46.5068
1  0  0.849787  0.924606  0.849787  0.924606 
 
 Melbourne NHBW Trip Attraction  
SUMMARY 
OUTPUT                 
       
Regression Statistics 
Multiple R  0.939098 
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R Square  0.881906 
Adjusted R 
Square  0.881303               
Standard Error  414.5629 
Observations  2253     
ANOVA       
  df  SS  MS  F 
Significance 
F       
Regression  4  2.89E+09  7.22E+08 
4198.7
7  0       
Residual  2249  3.87E+08  171862.4           
Total  2253  3.27E+09     
       
 
Coefficien
ts 
Standard 
Error  t Stat 
P‐
value  Lower 95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
HH  0.781374  0.01071  72.95833  0  0.760372  0.802376  0.760372  0.802376 
Enroll  0.129474  0.004425  29.25843  9.7E‐160  0.120796  0.138152  0.120796  0.138152 
EMP_TOTAL  0.121805  0.006251  19.4871  2.81E‐78  0.109548  0.134063  0.109548  0.134063 
Retail(c7)  0.982264  0.036925  26.60191  8.5E‐136  0.909854  1.054673  0.909854  1.054673 
 
 
 
 Riyadh HBW Trip Production 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R  0.991208 
R Square  0.982494 
Adjusted R Square  0.982032 
Standard Error  32.026 
Observations  2167 
ANOVA 
df  SS  MS  F  Significance F 
Regression  1  1.25E+08  1.25E+08  121563.7  0 
Residual  2166  2221590  1025.665 
Total  2167  1.27E+08 
Coefficients  Standard Error  t Stat  P‐value  Lower 95%  Upper 95%  Lower 95.0%  Upper 95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
Employed_Residents  0.231934  0.000665  348.6599  0  0.230629  0.233238  0.230629  0.233238 
 
 Riyadh HBW Trip Attraction 
SUMMARY OUTPUT 
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Regression Statistics 
Multiple R  0.99402 
R Square  0.988076 
Adjusted R Square  0.987614 
Standard Error  37.58606 
Observations  2167 
ANOVA 
df  SS  MS  F 
Significance 
F 
Regression  1  2.54E+08 
2.54E+0
8 
17948
4  0 
Residual  2166  3059935 
1412.71
2 
Total  2167  2.57E+08 
Coefficien
ts 
Standard 
Error  t Stat 
P‐
value  Lower 95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
Number_of_Employees_in_Employer
_Site  0.22759  0.000537 
423.655
5  0  0.226537  0.228644  0.226537  0.228644 
 
 
 Riyadh NHBW Trip Production 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R  0.980283 
R Square  0.960955 
Adjusted R Square  0.960457 
Standard Error  49.53875 
Observations  2167 
ANOVA 
   df  SS  MS  F  Significance F 
Regression  3  1.31E+08  43567400  17752.99  0 
Residual  2164  5310646  2454.088 
Total  2167  1.36E+08          
 
  
Coefficie
nts 
Standard 
Error  t Stat 
P‐
value 
Lower 
95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
HH_est 
0.10676
4  0.005264 
20.282
18 
7.11E‐
84 
0.09644
2 
0.11708
7  0.096442  0.117087 
Number_of_Employees_in_Emp
loyer_Site 
0.08178
2  0.000834 
98.068
72  0 
0.08014
7 
0.08341
8  0.080147  0.083418 
Students_in _Residences 
0.14276
8  0.00274 
52.101
73  0 
0.13739
4 
0.14814
2  0.137394  0.148142 
 
 Riyadh NHBW Trip Attraction 
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SUMMARY OUTPUT 
Regression Statistics 
Multiple R  0.99272 
R Square  0.985492 
Adjusted R Square  0.984996 
Standard Error  40.74599 
Observations  2167 
ANOVA 
   df  SS  MS  F  Significance F 
Regression  6  2.44E+08  40619126  24465.88  0 
Residual  2161  3587770  1660.236 
Total  2167  2.47E+08          
 
  
Coeffici
ents 
Standard 
Error  t Stat 
P‐
value 
Lower 
95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
HH_est 
0.0756
26  0.002809 
26.92
184 
6.5E‐
138 
0.0701
17 
0.0811
35 
0.07011
7 
0.08113
5 
Students_in_Schools 
0.1333
16  0.001096 
121.6
818  0 
0.1311
67 
0.1354
64 
0.13116
7 
0.13546
4 
Number_of_Employees_in_Employer_Sites 
0.0715
71  0.000742 
96.50
594  0 
0.0701
17 
0.0730
26 
0.07011
7 
0.07302
6 
Number_of_Retail Shops 
0.6052
57  0.01563 
38.72
463 
1.3E‐
249 
0.5746
06 
0.6359
08 
0.57460
6 
0.63590
8 
Number_of_Major_ShoppingMalls 
182.06
76  5.477469 
33.23
937 
4.9E‐
196 
171.32
6 
192.80
93  171.326 
192.809
3 
Number_of_University_or_HigherEducatio
nStudents_in_University 
0.0772
62  0.000325 
237.5
355  0 
0.0766
24  0.0779 
0.07662
4  0.0779 
 
 Melbourne HBW Walk model  
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 
0.97668261
3 
R Square 
0.95390892
7 
Adjusted  R 
Square 
0.95178703
9 
Standard Error 
1.26217986
3 
Observations  495 
ANOVA 
   df  SS  MS  F 
Significance 
F 
Regression  2  16254.72  8127.36 
5101.60
7  0 
Residual  493  785.3973 
1.59309
8 
Total  495  17040.12          
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   Coefficients 
Standard 
Error  t Stat  P‐value  Lower 95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
WalkDist^.5 
‐
4.64565252
2  0.083104 
‐
55.9017 
1.6E‐
215  ‐4.80893  ‐4.48237  ‐4.80893  ‐4.48237 
Constant 
5.02974989
7  0.184303 
27.2906
2 
1.3E‐
100  4.667633  5.391867  4.667633  5.391867 
 
 Melbourne HBW Car  model  
Regression Statistics 
Multiple R  0.962305 
R Square  0.92603 
Adjusted  R 
Square  0.925456 
Standard Error  0.830089 
Observations  2130 
ANOVA 
   Df  SS  MS  F  Significance F 
Regression  4  18339.34  4584.835  6653.871  0 
Residual  2126  1464.916  0.689048 
Total  2130  19804.26          
   Coefficients 
Standard 
Error  t Stat  P‐value  Lower 95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
Constant  1.749263  0.037391  46.78301  0  1.675936  1.822589  1.675936  1.822589 
D_TT  ‐0.01015  0.000303  ‐33.5007  6E‐198  ‐0.01074  ‐0.00955  ‐0.01074  ‐0.00955 
D_Cost  ‐0.40521  0.004795  ‐84.5113  0  ‐0.41461  ‐0.3958  ‐0.41461  ‐0.3958 
D_Dist  ‐0.11423  0.002301  ‐49.6507  0  ‐0.11874  ‐0.10972  ‐0.11874  ‐0.10972 
 
 Melbourne NHBW Walk Model 
Regression Statistics 
Multiple R 
0.97857
9 
R Square 
0.95761
7 
Adjusted  R 
Square 
0.95756
9 
Standard 
Error 
1.01770
5 
Observations  21394 
ANOVA 
   df  SS  MS  F 
Significan
ce F 
Regression  2  500608.3 
25030
4.1 
24167
0.8  0 
Residual  21392  22156.2 
1.0357
23 
Total  21394  522764.5          
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Coefficie
nts 
Standard 
Error  t Stat 
P‐
value 
Lower 
95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
Dist^.5  ‐3.88386  0.010766 
‐
360.74
6  0  ‐3.90496 
‐
3.86276  ‐3.90496  ‐3.86276  ‐0.92701 
Constant 
3.43953
8  0.02212 
155.49
44  0  3.396181 
3.48289
5  3.396181  3.482895  ‐0.17815 
 
 Melbourne NHBW Car Model 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R  0.918735 
R Square  0.844074 
Adjusted  R 
Square  0.843994 
Standard Error  0.935344 
Observations  16474 
ANOVA 
   Df  SS  MS  F 
Significance 
F 
Regression  3  78005.35  26001.78  29720.82  0 
Residual  16471  14409.95  0.874868 
Total  16474  92415.3          
Coefficients 
Standard 
Error  t Stat  P‐value  Lower 95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
Constant  0.858543  0.014887  57.67189  0  0.829363  0.887722  0.829363  0.887722 
D_TT  ‐0.00537  0.000138  ‐38.9859  0  ‐0.00564  ‐0.0051  ‐0.00564  ‐0.0051 
D_Cost  ‐0.22185  0.002367  ‐93.7434  0  ‐0.22649  ‐0.21721  ‐0.22649  ‐0.21721 
 
 Riyadh HBW Walk Model 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R  0.984289 
R Square  0.968824 
Adjusted R Square  0.931996 
Standard Error  0.458133 
Observations  30 
 
ANOVA 
   df  SS  MS  F 
Significance 
F 
Regression  2  182.6271 
91.3135
4 
435.062
8  2.88E‐21 
Residual  28  5.876805 
0.20988
6 
 259 
 
Total  30  188.5039          
  
Coefficient
s 
Standard 
Error  t Stat  P‐value  Lower 95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
Constant  0.66162  0.171558  3.85653 
0.00061
7  0.310199  1.013041  0.310199  1.013041 
HBW walk  ‐1.70326  0.096637 
‐
17.6254 
1.09E‐
16  ‐1.90121  ‐1.50531  ‐1.90121  ‐1.50531 
 
 Riyadh HBW Car Model 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 
0.86856
4 
R Square 
0.75440
4 
Adjusted  R 
Square 
0.74459
4 
Standard Error  0.841821 
Observations  155 
ANOVA 
   df  SS  MS  F 
Significan
ce F 
Regression  3  330.8768 
110.2922
722 
155.6342
229 
5.39434E
‐46 
Residual  152  107.7168 
0.708663
366 
Total  155  438.5936          
  
Coeffici
ents 
Standard 
Error  t Stat  P‐value 
Lower 
95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
Constant 
‐
0.64307  0.110763 
‐
5.805829
626 
3.61404E
‐08 
‐
0.861907
968 
‐
0.4242
4  ‐0.86191  ‐0.42424 
DTT 
‐
0.17763  .008837 
‐
20.10034
001 
1.17928E
‐44 
‐
0.195094
399 
‐
0.1601
7  ‐0.19509  ‐0.16017 
DTC 
‐
0.10262  0.017422 
‐
5.890169
625 
2.38968E
‐08 
‐
0.137038
816  ‐0.0682  ‐0.13704  ‐0.0682 
 
 Riyadh NHBW Walk Model 
Regression Statistics 
Multiple R  0.931524 
R Square  0.867737 
Adjusted  R 
Square  0.827299 
Standard Error  0.606854 
Observations  30 
ANOVA 
   df  SS  MS  F 
Significance 
F 
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Regression  2  67.65152 
33.8257
6 
91.8499
5  8.99E‐13 
Residual  28  10.31161 
0.36827
2 
Total  30  77.96313          
  
Coefficien
ts 
Standard 
Error  t Stat  P‐value  Lower 95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
Constant  0.876021  0.22725 
3.85487
1 
0.00061
9  0.410519  1.341522  0.410519  1.341522 
Walk^0.5  ‐1.24177  0.128007 
‐
9.70081 
1.87E‐
10  ‐1.50399  ‐0.97956  ‐1.50399  ‐0.97956 
 
 Riyadh Car NHBW Model 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R  0.820947 
R Square  0.673954 
Adjusted R Square  0.664725 
Standard Error  0.994017 
Observations  182 
ANOVA 
   df  SS  MS  F 
Significance 
F 
Regression  3 
365.58863
02 
121.862
9 
123.33424
35  3.02E‐43 
Residual  179 
176.86454
56  0.98807 
Total  182 
542.45317
58          
   Coefficients 
Standard 
Error  t Stat  P‐value  Lower 95% 
Upper 
95% 
Lower 
95.0% 
Upper 
95.0% 
Intercept  0  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A  #N/A 
Constant  ‐0.29825 
0.1128087
39 
‐
2.64385 
0.0089247
25  ‐0.52085  ‐0.07564  ‐0.52085  ‐0.07564 
DTT  ‐0.16326 
0.0099005
88 
‐
16.4902 
9.35501E‐
38  ‐0.1828  ‐0.14373  ‐0.1828  ‐0.14373 
DTC  ‐0.20797 
0.0221973
41 
‐
9.36903 
3.17206E‐
17  ‐0.25177  ‐0.16417  ‐0.25177  ‐0.16417 
 
 Riyadh Stated Preference Survey 
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. 
FOR OFFICE USE ONLY 
Interviewer: 
Survey location: 
Date:  _______  
month day 
Time: AM / PM 
Survey identification number:  ________________________________________  
 
Thank you for taking part in our survey. 
The Arriyadh Development Authority is conducting the survey to learn about how people make trips in Arriyadh 
and the potential for a new type of public transportation that could serve the City. 
Please answer the following questions about the one-way trip that you made or are making. One-way means 
that the location of the beginning of the trip is different than the location of its end. Please keep this trip in mind 
as you complete the survey. 
SECTION I: INFORMATION ABOUT YOUR TRIP 
1. Where did you begin your trip? 
Please be as specific as possible (e.g. nearest road intersection, airport, shopping centre, mosque, etc.). 
Nearest road intersection, landmark or other identification Neighbourhood / district 
2. What activity were you doing there? (Circle one only) 
a) Home b) Work c) School d) Shopping e) Family f) Other 
3. Where did you/will you end your trip? 
Please be as specific as possible (e.g. nearest road intersection, airport, shopping centre, mosque, etc.). 
Nearest road intersection, landmark or other identification Neighbourhood / district 
4. What is the/will be the activity there? (Circle one only) 
a) Home b) Work c) School d) Shopping e) Family f) Other 
5. How frequently do you make this same trip, in this direction? (Circle one only) 
a) daily b) more than 5 times per week c) 3 to 5 times per week 
d) 1 to 2 times per week e) monthly f) seldom 
6. Including yourself, how many people made this trip together? 
_________ people 
7. How did you make this trip? (Circle one and answer the associated questions) 
a) Drove a private automobile 
In total, how much time did you spend walking to the car at the beginning of the trip and walking 
from the car to your destination at the end of this trip?  ______  minutes 
How much time did you spend travelling in the car for this trip?  _______ minutes 
In total, how much money do you estimate this trip cost, either to you andlor other persons in the 
car (e.g. for parking, gas, etc.)?  ______ SR 
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b) Was a passenger in a private automobile 
In total, how much time did you spend walking to the car at the beginning of the trip and walking 
from the car to your destination at the end of this trip?  ______ minutes 
How much time did you spend travelling in the car for this trip?  _______  minutes 
In total, how much money do you estimate this trip cost, either to you and/or other persons in the 
car (e.g. for parking, gas, etc.)?  _______ SR 
c) Taxi or limousine 
In total, how much time did you spend walking to the point at which you entered the taxi/limousine at the 
beginning of the trip, waiting for the taxi/limousine to arrive and walking from the 
taxi/limousine to your destination for this trip?  ______ minutes 
How much time did you spend travelling in the taxi/limousine for this trip?  ______ minutes 
How much money did you spend on fare?  ______ SR. 
 
 
SECTION II: NEW PUBLIC TRANSPORT ALTERNATIVE 
In the near future, there may be a new type of public transportation service available to make the trip like 
the one you just described. This service would use clean, private, modern vehicles like those pictured below 
and would: 
Provide reliable, consistent service that adheres to schedule; 
 Have modern, attractive and comfortable stations within walking distance of much of the city and 
that provide a safe transition from the sidewalk to the public transport vehicles; 
 Not be delayed by traffic congestion as it operates separately from other traffic; 
 Provide up-to-the-minute information about how the service is operating (e.g. arrival time of next 
vehicle); 
 Operate all day, every day. 
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In the following table, please consider the trip that you just described and decide whether you would complete it 
either: 
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 As you currently make it, or 
 By using the public transport service described above, pretending that it was available. 
There are nine different cases for you to make a decision about, each with different assumptions about the public 
transport service, consisting of. 
 Time walking to/from public transport — the combined amount of time that you would spend walking from 
the trip origin to the public transport system and from the public transport system to the trip destination; 
 Time waiting for vehicle — the amount of time that you would spend waiting at the station for the next 
vehicle to arrive; 
 Time travelling — the amount of time that you would spend travelling on the public transport vehicle: 
 One-way fare — the amount of money it would cost to pay the transit fare for the trip, not including any 
other money you might spend travelling to and from the station. 
In each case, please indicate whether you would switch from the way you did make the trip to the public 
transport service if it were available. 
Case 
Public Transport Service Assumptions Wou l d  You  Sw i t ch
t o  r t  Se r v i c e ?
( C i r c l e  One  I n
Each  Case )
Time Walking To and 
From Public Transport 
Time Waiting For  
Public Transport 
Time Travelling on  
Public Transport  
Vehicle 
the Public Transport One-
Way Public 
Transport Fare
1 5 minutes 5 minutes 
same as current travel 
3 SR YES NO 
2 5 minutes 1 minute 
5 minutes LESS than 
current travel time 
5 SR YES NO 
3 10 minutes 2 minutes 
same as current travel 
5 SR YES NO 
4 2 minutes 2 minutes 
5 minutes LESS than 
current travel time 
3 SR YES NO 
5 10 minutes 1 minute 
10 minutes MORE than 
current travel time 
3 SR YES NO 
6 2 minutes 1 minute 
same as current travel 
2 SR YES NO 
7 10 minutes 5 minutes 
5 minutes LESS than 
current travel time 
2 SR YES NO 
8 5 minutes 2 minutes 
10 minutes MORE than 
current travel time 
2 SR YES NO 
9 2 minutes 5 minutes 
10 minutes MORE than 
current travel time 
5 SR YES NO 
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SECTION III: QUESTIONS ABOUT YOUR BACKGROUND 
This final section contains questions about yourself that will help us to understand why you made the choices that 
you did. All of your responses will be kept strictly confidential and your name will not be associated with this survey 
in any way. 
1. How many people live in your household? 
 __________  people 
2. How many vehicles 
does your household own? 
vehicles 
3. Are you (Circle one): 
a) Male b) Female 
4. Are you (Circle one): 
a) Saudi b) Non-Saudi Arab c) Non-Saudi non-Arab 
5. Which category represents your age group? (Circle one only) 
a) Less than 18 years 
b) 18 to 24 years 
c) 25 to 34 years 
d) 35 to 54 years 
e) 55 to 64 years 
f) 65 years or over 
6. Which category best describes you? (Circle one only) 
a) A full-time employed resident of Arriyadh 
b) A full-time student resident of Arriyadh 
c) A part-time employed and/or a part-time student resident of Arriyadh 
d) A resident of Arriyadh that is neither employed nor a student 
e) A visitor to Arriyadh 
7, Which category best describes your occupation? (Circle one only) 
a) Clerical (e.g. secretary, receptionist, administrative assistant) 
b) Industrial/Manufacturing/Construction/Labour (e.g. factory worker, farm labourer) 
c) Professional (e.g. doctor, lawyer, engineer, businessman) 
d) Retail/Sales/Service (e.g. store clerk, waiter, driver, maid) 
e) Not employed 
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8. Which category represents your highest level of education completed? (Circle one only) 
a) None 
b) Grade school 
c) High school 
d) Technical college 
e) University 
9 Which category represents your monthly personal income? (Circle one only) 
a) Less than 1,000 SR 
b) 1,000 to 2,499 SR 
c) 2,500 to 4,999 SR 
d) 5,000 to 9,999 SR 
e) 10,000 to 14,999 SR 
f) 15,000 SR or over 
Thank you for your participation in this survey. 
 
 
 
 
 
 
 
 
 
